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eee Bee, important that repairing and Bvenaaline of Signal Corps 
& 0 mmunication equipment be fast, accurate, and dependable. Many 
* ae methods for localizing troubles have been devised some of 
hich have produced excellent results. To make available these suc- 
7 % cessful methods, a series of manuals have been prepared primarily for 
maintenance personnel to supplement information contained in Technical 
“Manuals on specific equipment. The series, numbered from TM 11-4000 
to TM 11-4299, consist of this manual which is a general repair manual 
for all repair echelons applicable to most radio ‘communication equip- 
ments, and manuals covering fourth and fifth echelon trouble-shooting 
and repair instructions for specific equipments. These manuals are in- 
tended to familiarize radio maintenance personnel with complete radio 
_ repairing and overhauling procedure, which produces accurate and de- 
pendable results in the shortest time possible. 


2. General Repair Manual 


a. Part one of this manual is the introduction to the general repair 
procedure and contains information on test instruments and their applica- 
tion, emergency substitution of test instruments and various tools, and 
their use in radio work. 

b. Part two contains the procedure for repairing and overhauling 
Signal Corps radio sets. Sections of the text describe the inspection and 
cleaning of the unit, methods of localizing and correcting trouble, align- 
ment of receivers and transmitters, minimum test requirements, and 
methods of conducting over-all performance tests. In addition, a repair 
parts data section contains valuable information on fabricating parts, 
cleaning and adjusting special components, and the substitution of parts 
in an emergency. 


ee ig pes ee re ' a be the 
Section Il. TEST INSTRUMENTS AND TOOLS — 
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3. Test Instruments a 
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a. GENERAL. Many different types of test instruments are necessary 


to service radio communication equipment quickly and accurately, Many 


of the test instruments used here are not issued to lower echelons; the | 


more elaborate types of test equipment are issued to higher echelons. 
The tactical use of Signal Corps transmitters and receivers demands that 
they perform at maximum efficiency at all times. A great deal of time 
has been spent designing and developing each of these units to obtain. 
maximum results from each stage. Unless the same careful workman- 
ship is used when servicing these units, maximum over-all results will 
not be obtained and maximum efficiency cannot be expected in tactical 
use. The over-all performances of Signal Corps radio equipment depend 
upon a combination of physical, mechanical, and electrical construction. 
The location and mountings of component parts within a stage directly 
affect the over-all results of that stage. Therefore, in servicing, it is 
necessary to replace parts and wires in their original locations after re- 
pairs have been completed. Some Signal Corps radio sets have special 
test equipment designed to simplify and speed up the inspecting and re- 
pairing of these radios. In these instances the special test equipment 
must be used in preference to standard test instruments. The majority 
of Signal Corps units, however, require only standard test instruments 
to localize troubles and produce results corresponding to factory standards. 
Following, are a number of the test instruments used to localize troubles 
and repair Signal Corps apparatus: 

b. R-F SiGNAL GENERATORS. Calibrated r-f signal generators, fre- 
quently called microvolters, are used to supply a controllable signal for 
servicing receiver units. Some generators are amplitude modulated and 
others frequency modulated. Each signal generator has a limited fre- 
quency coverage. It is, therefore, necessary to have several different gen- 
erators to cover all the frequencies used with communication equipment. 

c. AupIo S1GNAL GENERATORS. Audio signal generators are used to 
supply a low-frequency signal for testing audio-amplifier, modulator, and 
speech-amplifier stages. 

d. FREQUENCY AND FIELD-STRENGTH MeErTeERS. Frequency meters and 
field-strength meters covering various frequency ranges, are used to ac- 
curately check, or determine, the frequency and performance of trans- 
mitters and signal generators. With some field-strength meters, it is also 
possible to calculate the percentage of modulation of a transmitter. 

e. VOLTMETERS AND OHMMETERS. Several different voltmeters and 
ohmmeters are used to measure voltages and resistance. The voltmeters 
have different sensitivity ratings, ranging from 1,000 to 20,000 ohms 
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ie PEhese chee must be enteral when measuring critical volt- 

; ecause of the loading effects introduced into the circuits. Vacuum- 

‘ tube voltmeters are used primarily to measure voltages in circuits where 

___ it is important to avoid loading effects (see par. 4e). 

‘ : ras ae Oscritoscores. Cathode-ray tube oscilloscopes are used to localize 

‘noise, distortion, oscillation, and many other defects which cannot be 

readily found with voltmeters or other test equipment. 

sg, SigNat-TRacING Eguipments. Signal-tracing equipments are 

frequently used to test receivers. These test instruments usually consist 
of one or more stages of r-f (radio-frequency) amplification and a-f 
(audio-frequency) amplification equipped with .calibrated gain controls 
followed by a vacuum-tube voltmeter which is used to check the relative 
gain of each stage of a receiver under test. Many conditions of inter- 
mittent operation can be localized with these instruments. 

h. MisceLLANEOuS INSTRUMENTS. Other test instruments, such as 

capacitor testers, tube testers, and bridges are used to determine the con- 
dition of individual parts of the receiver or transmitter. 


4. Selection and Use of Test Instruments 


a, SELECTION OF INSTRUMENTS. A careful selection of the proper test 
instrument is of the utmost importance in reducing the time spent localiz- 
ing trouble to a stage, and in obtaining maximum results from the re- 
paired unit. Many troubles are caused by open or short circuits, either 
complete or partial. It is the repairman’s job to locate the cause of 
trouble, and to repair the unit as quickly as possible. This can be done 
by testing each part individually for open or short circuits. However, 
there are much quicker and better methods of localizing defective parts. 
If the stage that is not operating properly in a multistage receiver can 
be found quickly, the defective part can be located by simple resi$tance 
and voltage tests. 

b. SIGNAL TRACING AND SIGNAL SUBSTITUTION. The most depend- 
able methods of localizing the trouble to a stage are known as signal 
tracing and signal substitution. Either of these methods produces the 
same result; localization of the trouble to a stage. The major difference 
between these methods is in the procedure that is followed to localize 
the trouble. In signal tracing, a signal generator is connected to the 
input of the unit under test and acts as a standard so that measurements 
can be made at successive stages to determine the relative increase or 
decrease of signal strength, thereby revealing either a normal condition, or 
a defective stage. The signal substitution method uses as a standard an 
indicating device connected across the output of the unit under test. A 
signal from a signal generator is then progressively injected into each 
preceding stage and the indicating device shows a relative increase or 


a made ‘sets contain, signal-tracing “charts 
with valuable information as to the type, amplitude, | 
signal application. Also shown, are the connections fe 
device, and the readings that should be obtained. If ae 
produce results recorded on the chart, there is a definite ir nd 
trouble. Applying test instruments such as the ohmmeter and is 


defective part in the stage. Phantom antenna and dummy loads, 
recommended in maintenance or repair instruction manuals, must 
used to obtain maximum results from the equipment. Ae Oe ra 2 iis 

c. Usr or OscrLioscopr. Hum, distortion, oscillation, and noise are | 
common troubles which are sometimes very difficult to locate, because — 
they cannot often be determined by voltage, current, or resistance checks. 
An oscilloscope connected across the output of each successive stage ee : 
quickly locate the stage which is introducing the objectionable hum or 
noise voltage. Then, the trouble can be further isolated by connecting the — 
oscilloscope to individual circuits within the stage. ri, 

d, FREQUENCY METERS AND FIELD-STRENGTH METERS. Freanenae 
meters and field-strength meters, are used primarily to check the per- 
formance of transmitting stations. Although the designs of frequency 
meters vary, their over-all function is to serve as frequency standards 
against which questionable frequencies can be checked. These meters 
are used primarily to check the frequency of transmitters, or signal gen- 
erators, but they can also be used to check oscillator frequencies in re- 
ceivers as well as receiver calibrations. Included with each frequency 
meter are instructions which must be carefully followed to properly cali- 
brate the meter to a desired frequency. Field-strength meters are used 
to determine the power output of transmitters, and to plot radiation 
patterns. Usually a meter is mounted on the front panel of the instru- 
ment and indicates the relative strength of the signal by comparison with 
previous readings obtained with a transmitter known to be operating 
properly and placed the same distance from the indicating device. 

e. MEASURING SocKET VoLTacEs. Before measuring socket voltages, 
consult the voltage-test charts contained in the Technical Manual or the. 
manuals in the TM 11-4000 series for the equipment to determine the 
yecommended resistance of the voltmeter to be used. The shunting effect 
of a voltmeter on some circuits will load the circuit sufficiently to give 
an incorrect reading on the meter. An example of this is in a-y-c 
(automatic-volume-control) circuits where a comparatively small voltage 
is developed across an extremely high resistance. To obtain an accurate 
reading of this voltage, Ohms Law indicates that a voltmeter with resis- 
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es 80 as not to load the circuit unnecessarily, or damage the 
. Many voltmeters have been unintentionally damaged by 


tage present in the circuit to be tested. Whenever possible, select a 

+ aes age scale which will permit an approximate midscale reading. 
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SS eee Bibstitute Test Equipment 

‘: a. GENERAL. Sometimes, specified test equipment cannot be obtained, 
and substitute equipment must be used. If carefully selected, these sub- 

| stitutes will not interfere in obtaining satisfactory results from the receiver 

. or transmitter. 

b. SIGNAL GENERATORS. An f-m (frequency-modulated) signal gen- 
erator can be used to align and check the frequency response and selec- 
tivity of i-f (intermediate-frequency) stages in a-m (amplitude-modu- 
lated) receivers. See paragraph 13e. A-m signal generators are often 
used to align frequency-modulated receivers, and produce good results. 
See paragraph l6a. In signal tracing, a signal generator usually sup- 
plies the signal for tracing, but if necessary, a high-frequency buzzer, 
or the signal from a transmitter, can be used. These substitute signals 
are satisfactory for localizing trouble, but will not produce maximum 
accuracy when measuring stage gain or selectivity. 

c. CAPACITOR UsEp AS Test INSTRUMENT. An ordinary bypass ca- 
pacitor is frequently used to localize noise or oscillation. By connecting 
the capacitor between grid and ground at the input of each stage, starting 
at the final stage, the trouble can be localized to the stage where the 
noise of oscillation is not affected by the capacitor. Shunting cathode, 
screen, and plate bypass capacitors with a capacitor known to be good, 
often shows open, or partially open, capacitors much quicker than dis- 
connecting and testing each capacitor separately. 


4. Tools 


Defective parts can be easily removed by selecting the correct tool. 
Socket wrenches should be used in preference to pliers when removing 
or replacing hexhead screws or nuts, Selecting the proper size screw~ 
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driver protects screwheads when removing or replacing screws. Certain 
component parts, such as relays and mechanical gear trains, require spe- 
cial tools for proper servicing. These parts can be easily damaged by at- 


tempting repairs with an ordinary screw driver or pliers. The screw 


driver is a handy tool and has a useful purpose, but should not be con- 
sidered as a test instrument, or all-purpose tool. 
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Figure 1. Correct soldering technique. 


7. Soldering 


a, SOLDERING TECHNIQUE. Proper soldering is of the utmost impor- 
tance in radio servicing. It is imperative that all connections be correctly 
soldered. A casual glance often fails to reveal a poorly soldered con- 
nection. A film of dirt or layer of rosin may prevent a good electrical 
connection. Time, or usage of the unit in the field aggravates this con- 
dition until finally the set fails to operate, possibly at a crucial moment. 
The tempo of modern mechanized warfare is such that continuous com- 
munication between different branches of a combat force is of critical 
importance. The success or failure of a campaign may well depend on 
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the quality of soldered connections in the complex radio apparatus so 


necessary on the battlefield. 


b. SotpERING Procepure. Following is a procedure that will pro- 
duce excellent soldered connections: 


(1) A clean surface is essential, or the solder will not adhere properly. 


Wipe all dust, dirt or oil from terminal. It should have a bright shiny 


surface. Do not touch clean terminal with fingers, as an oily film may 
be deposited as a result. 

(2) A firm mechanical connection (fig. 1-A) is necessary before be- 
ginning to solder. Firmly clasp the wire to the terminal to be soldered. 


(3) See that the soldering iron is in good condition; it is impossible 
to make a good connection with an improperly tinned, or dirty iron. 
The tip should have a bright tinned surface. (See fig. 1-B.) Wipe the 
iron periodically with a cloth. This will remove particles of flux and dirt 
and restore a lustre to the tip. 

(4) Apply the iron to the terminal to be soldered. Permit it to remain a 
moment until sufficient heat has been transferred to the terminal. Apply- 
ing the side rather than the point of tip will transfer more heat, enabling 
the terminal to be heated more quickly. 

(5) Apply solder to work, not to iron (fig. 1-C). If the terminal is 
heated sufficiently, the solder will melt readily upon contact. Applying 
the solder to the iron is undesirable. The solder will melt instantly upon 
contacting the hot iron. If the terminal to be soldered is insufficiently 
heated, however, the solder will not combine with it properly. The hot 
solder will cool upon contact and remain on the surface, thus forming a 
cold-soldered connection, which can be dislodged easily. 

(6) Permit desired quantity of solder to flow upon the terminal. The 
terminal should be hot enough to cause the solder to flow readily to com- 
pletely envelop the connection. If the solder acts like water on a greasy 
surface, forming globules and running off the surface of the terminals, 
it indicates the presence of dirt or oil on the surface. If the solder does 
not combine with a hot clean terminal, it may be indicative of improper 
tinning or plating of surface. 

(7) After permitting the desired quantity of solder to flow upon the 
terminal, remove the soldering iron quickly and carefully from the ter- 
minal. Permit the soldered connection to solidify. Extreme care must 
be taken not to disturb or move the terminal until it has solidified or 
hardened sufficiently. This is very important, as it means the difference 
between a good, hot-soldered connection and a poor, cold-soldered one. 

(8) A hot-soldered connection can be distinguished from a cold- 
soldered connection rather easily. A properly made, hot-soldered con- 
nection should have a smooth shiny, hard surface, adhering firmly to the 


terminal. A poor cold-soldered connection bin a dull fe 
surface. If touched or disturbed before having ‘properly hardene # 
will have a dull, granular, porous surface. It may be so porous and pasty, 

that slight pressure on its surface with the blade of a screw driver will 
cause it to fall apart. In addition it will be quite soft. uae +5 

(9) Remove excess rosin or flux only after the solder has had time 
to solidify. Removal of the rosin surrounding the connection tends to- F 
ward a neat, workmanlike appearance. In addition, the presence of rosin 
may interfere with electrical action of radio on high frequencies, : 

(10) A dull cold-soldered connection can be remedied immediately. — 
Simply apply a hot iron to the solder until the solder melts. Then re- 
move the iron without jarring the connection. It should solidify to ay 
bright finish. J 

(11) Make certain that no particles of solder have fallen frei the 
terminal to wedge between adjacent connections. 

(12) When soldering in difficult places, see that no damage or short 
circuits have been caused by the contact of the iron with surrounding 
wiring. It is advisable to use an iron with a long slender tip, as a large 
tip may burn the insulation of nearby wires. a 
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PART TWO 


REPAIR PROCEDURE 


Section |. GENERAL 
8. Method of Approach 


Each Signal Corps radio set is designed for a particular tactical use. When 
failure occurs, it is the repairman’s job to locate and repair the trouble 
as quickly as possible. In addition, the repairman must check all other 
parts and circuits for damages or indications of possible failure. The cut- 
and-try method, or haphazard checking, such as testing the antenna cir- 
cuit, then checking the audio circuit, then the i-f stages, wastes valuable 
time. Certain circuits and components may be missed, and a thorough 
job cannot be done. The service procedure, described in sections II, II, 
IV, V, and VI, is a logical method of servicing Signal Corps radio sets. 
By following this procedure, troubles will be located faster, and circuit 
components will not be overlooked. 


9. Tolerances 


After a unit has been repaired and overhauled, over-all performance tests 
must be made to make certain that the unit operates within the manu- 
facturer’s specifications. The allowable tolerances of these specifications 
are held within narrow limits during manufacture and after repairs, to 
maintain the equipment at maximum operating efficiency. As Signal 
Corps radios are used in many different localities and under adverse con- 
ditions, these close tolerances are essential to insure efficient operation 
under most any condition. 


Section Il. INSPECTION AND CLEANING 


10. Cleaning and Inspecting Procedure 


The first operation in overhauling and repairing a unit is to thoroughly 
inspect and clean the unit. To accomplish this quickly and avoid any 
oversights, the operation is divided into the following seven steps: 

a. REMOVING PLuG-IN Parts. Remove all plug-in parts, such as 
tubes, vibrators, crystals, pilot lamps, and other parts which can be re- 
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moved without unsoldering wires. Octal tubes and vibrators can usually 
be removed from the sockets by merely pulling up on the part in ques- 
tion. In some units tubes and vibrators are held in place with clamps. 
To avoid damage to the components, release the tension bar on the clamp 
before attempting to remove the tube or vibrator. Loctal type tubes 
should be rocked slightly to orfe side until a click is heard; then the tube 
can be lifted out of the socket. Some parts have their leads soldered 
to a removable terminal strip. These parts should also be removed after 
loosening the terminal-strip lockscrews, or nuts. Some radio sets have — 
plug-in type r-f or i-f coils which can be removed by loosening the lock- 
screws holding the shield cans to the chassis, 

b. CLEANING Set. Before cleaning the individual parts, it is recom- 
mended that a high-pressure air hose be used on the equipment to re- 
move all dust, dirt, and foreign particles that have accumulated. Take 
care not to damage tuning capacitor plates or delicate parts. The air 
hose should first be directed toward the floor and turned on for a few 
seconds to remove any water which may be present in the line. As a 
precaution against blowing dirt or rust particles into the chassis a fine 
wire-mesh screen filter is usually installed in the air-hose line. After 
loose dirt has been blown from the equipment, use a rag, partly soaked 
with the fluid or compound recommended in the Technical Manual or 
the manual in the TM 11-4000 series for the particular equipment, and 
clean each part thoroughly removing any dirt, fungus, or grease. Be 
sure, when cleaning the parts, that the wiring is not disturbed ; otherwise, 
when the equipment is reassembled and ready for operation, oscillation, 
degeneration, voltage break-down, arc-over, or distortion may result. If 
it is necessary to move wiring, be sure it is returned to its original posi- 
tion. Inspect all sockets and remove any dirt or corrosion that has 
accumulated on the contacts with Solvent, Dry-cleaning, Federal Speci- 
fication No. P-S 66la and fine sandpaper. Remove all corrosion and 
gum from tuning capacitor shafts, tuning capacitors, and any mechanical 
parts that are in the equipment. 

c. VIsuAL AND MeEcHANICAL INspEcTION. After cleaning the unit, 
make a thorough examination of all parts and wiring cables, noting on 
the repair report tag the need for replacing any parts found defective. 
Locating and replacing slightly damaged parts at this time will help to 
prevent failure of the equipment at some future date. Some of the parts 
which should be checked are socket contacts, contact springs, gears, tun- 
ing capacitors, volume controls, band switches, insulators, sockets for 
plug-in parts, terminal strips, jacks, loose bolts, rivets, trunk catches, 
snaps, hinges, and nuts. In many instances noise and intermittent opera- 
tion are caused by one or more of these defects. In addition to the visual 
inspection, all operating controls and movable parts should be inspected 
for wear and correct operation. Turn each operating control clockwise 


as far as it will go, then counterclockwise as far as it will go. If binding 


occurs in either direction, make a note to correct the condition. Any 


appreciable amount of back lash in tuning-control gear assemblies should 


also be noted. Troubles of this nature usually require the replacement 
of a shaft, bushing, or gear assembly and should be corrected as soon as 
electrical checks have been completed. 

d, DETERMINING Cause oF Part Damace. After inspecting the 
equipment for defective parts, it may be found that a capacitor has been 
shorted, or a resistor burned up, or the insulation on wires burned. In 
each case, it will be necessary to determine the cause of these failures, 
since replacing the part may not clear up the trouble but burn up the 
feepattee ONLY AFTER THE* CAUSE OF TROUBLE HAS 
BEEN DETERMINED SHOULD A NEW PART BE IN- 
SeEAISLED. 

é. REPLACING DEFECTIVE Parts. When replacing defective parts, be 
sure that the new parts used are placed in the same position as the part 
that was removed. If wires were moved, be sure that the wires are re- 
turned to the original position; otherwise the equipment may not operate 
correctly. Also replace all parts that were noted as defective during the 
visual inspection outlined in (c) above. 

f. LusricaTion. Practically all mechanical moving parts used in Sig- 
nal Corps radio sets require some form of lubrication. After the parts 
have been cleaned and inspected, lubricate according to the specifications 
given in War Department Lubrication Order when available, the Techni- 
cal Manual, or the manual in the TM 11-4000 series. Mechanical parts, 
such as bearings on tuning capacitors, gears, shafts, springs, and pivot 
points cause noise, improper tuning, and intermittent operation of the 
equipment unless properly lubricated. 

g. CLEANING, INSPECTING, AND TESTING PLuG-1IN Parts. The plug- 
in parts, which were removed before the unit was cleaned, must be cleaned, 
inspected for physical defects, and tested for electrical performance be- 
fore they are reinstalled in the unit. Dirt and grease on the tube and 
vibrator prongs can be removed with a Solvent, Dry-cleaning, Federal 
Specification No. P-S-66la. After this is done, it is recommended that 
fine sandpaper be used to remove any dirt or corrosion that still exists. 
THIS IS VERY IMPORTANT, since the dirt or corrosion, which 
occurs on the tube prongs, will cause a high-resistance connection be- 
tween the tube prongs and the socket contact. After cleaning, check the 
tubes in a tube checker and the vibrator in a power supply known to be 
operating properly, and replace any parts found defective. Be sure that 
cable plugs have clean prongs, and that the cables are not frayed. One 
of the greatest sources of trouble in military radio sets is the cording 
connecting the various units which make up the complete installation. 
To check cording, look for opens, shorts, and faulty contacts. An ohm- 
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meter can be used to check cording continuity. Wiggling the cord at the. ae 
socket or plug will often reveal intermittent shorts or loose connections. 
Make sure that all plugs fit snugly into their sockets. Plug-in type dyna- 
motors should be checked on a dynamotor test panel. 


Section Ill. PRELIMINARY TROUBLE SHOOTING 


ll. General 


a. A logical procedure should be followed in repairing even the simplest 
piece of equipment. A few preliminary tests often locate the source of 
trouble without extensive testing with instruments. In many instances 
the operator’s radio-trouble report will indicate the type and probable 
location of the trouble. Make your own observations and check them 
against the report received from the operator. 

b. The senses of smell, sight, hearing, and touch often localize the 
source of trouble quickly. After the unit is in operation a few minutes it 
may be possible to note unusual odors, such as: sealing compound, indi- 
cating an overloaded transformer; burning paint, usually indicating an 
overheated resistor; and burning rubber, probably indicating defective 
insulation. Jf any unusual odor is detected coming from a part, the 
trouble may be in that part, or in its associated circuit. Look for smok- 
ing parts and sparking. Notice if any wax-impregnated paper capacitors 
are surrounded by a pool of melted paraffin, usually indicative of a de- 
fective capacitor. Hum, scratch noises, and other odd sounds should 
have a special meaning to the repairman. In general, certain sounds in- 
dicate certain types of trouble. For example, hum can indicate a shorted 
or open filter capacitor. Scratchy noises, heard when the tuning control 
is moved, can indicate dirty rotor contacts, or foreign particles caught on 
the plates of the tuning capacitor. In most cases, touching the tubes 
after the unit has been turned on for a few minutes will show whether 
or not the filaments are heated. If a tube remains cold, the filament of 
the tube is burned out, or is not getting filament voltage. After the unit 
has been turned on for a time, turn it off and cautiously touch the dif- 
ferent parts, such as resistors, transformers, and capacitors. Notice if 
these parts are overheated. 

Caution: To prevent shock, capacitors in high-voltage circuits (such 
as used in transmitters) should be discharged by placing a low-value 
resistor across the capacitor after turning off the power. 


12. Trouble Shooting in Power Supplies 


a. GENERAL. If the preliminary checks do not locate the trouble, it 
will be necessary to test the individual components of the unit. The 


a: ower unit is the first component to be tested, since no set will operate 
- without power. When testing power supplies removed from a unit, con- 

nect a load resistor equal to the normal load presented by the discon- 

_ nected unit to protect filter capacitors in the power supply, and to obtain 
an accurate indication of the performance of the power supplies. 
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Figure 2. Typical a-c power supply. 


b. A-c OPERATED Suppiies. Figure 2 shows a typical a-c (alter- 
nating-current) power supply using full-wave rectification. 

(1) Most troubles in power supplies are caused by a break-down of parts 
in the filter circuits. One method of testing filter circuits for defective 
parts is by checking the resistance of the input and output circuits. By 
comparing the figures with those specified in the Technical Manual or the 
manual in the TM 11-4000 Series, or using a practical application of 
Ohms Law for series-parallel circuits, the defective part can be determined. 
An advantage of this method of testing is that the power supply is inopera- 
tive during the test ; therefore, no damage can result to any part from ex- 
cessive current flow, should a short circuit exist. Most a-c power supplies 
have small bypass capacitors connected between each side of the input sup- 
ply line and ground, as shown in figure 2, to prevent high-frequency noises 
from entering the equipment through the power lines. As the d-c (direct- 
current) resistance of the primary winding of the power transformer is 
comparatively low, the condition of these capacitors cannot be determined 
by a resistance check across the primary winding. If melted paraffin or 
compound surrounds the capacitors, they should be removed and checked 
on a capacitor tester. After checking the power-supply input circuit for 
continuity and correct resistance, place the ohmmeter test prods across the 
input to the filter circuit. A reading will be obtained of the equivalent 
resistance of a complex network, composed of the resistance of the choke, 
in series with the parallel resistance of the second capacitor leakage and 
bleeder resistor. As the leakage resistance of normal electrolytic capaci- 
tors is relatively high, with respect to that of the bleeder, it will not greatly 
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affect measurements for practical purposes. The ohmmeter will really 
read the resistance of the filter choke, in series’ with the resistance of the ~ 
bleeder resistor. : 

(2) If the ohmmeter prods are connected across the output terminals 
of the filter circuit, a reading will be made of the equivalent resistance 
of the bleeder resistor, shunted by the leakage resistance of the second 
capacitor, and also shunted by the resistance of the choke, in series with 
the first capacitor. In this case the ohmmeter will read, for practical 
purposes, the resistance of the bleeder resistor only. Thus the resistance 
of the input circuit to the filter is higher than that of the outa circuit | 
by the value of the choke. 

(3) If the choke were short-circuited, the readings. at both input and 
output would be identical. If the choke were open-circuited, the input 
reading would be very high (leakage resistance first capacitor) and the 
output reading would remain practically the same. If either capacitor 
were open-circuited, both readings would remain about the same. If the 
first capacitor were short-circuited, the input resistance would be low, 
and the output reading would be the value of the bleeder resistor, in 
parallel with the choke. If the second capacitor were short-circuited, the 
input reading would be the value of the choke, and the output resistance 
would be very low. Likewise, other possible troubles can be found by 
similar analysis. 

(4) Common troubles in filter chokes are: open or partially open 
coils, internal shorts across the terminals of the coils, leaks or partial leaks 
to the frame of the inductance, and shorted turns. 

(5) An open choke will be the cause of no voltage output from the 
power supply, and a partially open choke coil causes low-voltage output. 
High hum, or ripple, in the output voltage will result if the coil develops 
a short across its terminals. Sometimes the filter capacitors develop an 
internal short from one positive lead to the other. This will effectively 
short out the choke and cause a hum. Capacitors that are used to resonate 
the choke should also be suspected when this type of trouble is encountered. 
Some filter circuits use a capacitor across the filter choke to resonate it 
to the frequency of the hum voltage. Since a parallel resonant circuit 
offers very high impedance to its resonant frequency, very little hum 
voltage will be apparent at the output of the filter. Ifa large percentage 
of the coil turns short out, similar trouble may be expected. Leaks or 
shorts to the choke frame, or iron core, will cause low or no voltage output, 
and are similar in effect to a shorted or leaky filter capacitor. 

(6) If the capacity of the first capacitor is low, the output voltage 
of the filter will be lower than normal, and will have considerable ripple 
valtage in it. Lack of sufficient capacity in the second filter capacitor will 
cause the filter circuit to act in a similar manner as to the hum or ripple 
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voltage, but the d-c output voltage will be only slightly affected. Some- 
times insufficient capacity will cause motorboating, degeneration, or re- 
generation. If regeneration occurs, the equipment might break into 
oscillation whereas degeneration would cause lower amplification. This 
may cause distortion, if some frequencies are amplified more than others. 

(7) Summing up these facts, low amplification, instability, and high 
hum level can be caused by the second filter having insufficient capacity, 
or having decreased in capacity. These are common troubles when elec- 
trolytics dry out, or lose electrolyte through evaporation or decomposi- 
tion resulting in a decrease in capacity and the troubles discussed above. 
When a capacitor decreases in capacity, it is equivalent to a good capacitor 
that is partially open-circuited. Shorted filter capacitors are the cause of 
very low or no voltage output from the filter. Partially shorted filter 
capacitors cause the voltage to be lower than normal, and the hum level 
to be high. 

Caution: The voltage stored in filter capacitors does not always leak 
off when the power supply is disconnected from the supply line. To avoid 
shock, short circuit all capacitors with a low value resistor before handling 
components of power supply. 

c. DynamoTor Power Suppiigs. Except for the values of the indi- 
vidual parts, the filter circuits used in dynamotor power supplies are 
similar to those in a-c units. See paragraph 12b. To test dynamotor 
filter circuits, first disconnect the dynamotor, since the d-c resistance of 
the dynamotor windings is usually very low in comparison to that of the 
components of the filter network and will therefore interfere in obtaining 
correct resistance readings of the filter circuits. 

(1) Common troubles in dynamotors are: worn brushes, dirty contacts, 
and dirty commutators. Worn brushes cause noise and fluctuating out- 
put, and should be replaced when less than ™% inch long, as measured 
from the commutator to the brush-pressure spring. When brushes are 
removed for any reason, they should be replaced in the same holder and 
in the same position. Brushes with polarity marks should be replaced so 
that the polarity marks face upward. Brush pig tail connections should 
be checked, as a broken or loose pig tail allows current to pass through 
and overheat the brush-pressure spring ; this overheating causes the spring 
to lose its temper and results in improper brush pressure. Dirty com- 
mutators cause noise and low output voltage. They can be cleaned by 
holding a piece of very fine sandpaper against the commutator while the 
dynamotor is operating. After sanding, wipe off any accumulated dust 
with a dry cloth UNDER NO CIRCUMSTANCES SHOULD 
EMERY PAPER BE USED TO CLEAN DYNAMOTOR PARTS. 
Emery, being an electrical conductor, shorts out segments of the commu- 
tator. In addition, emery is extremely hard to remove and its abrasive 
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action continues for a long period of time, eventually ngs away and | 


ruining the surface of rotating parts. 


(2) The power supply should be checked under load before it is 
connected to the unit. This can be accomplished by connecting a resistor 
across the power supply output. The value of this resistor should be equal 
to the input resistance of the unit to which the power supply will be 
connected. Connect a voltmeter across the power supply output and an 
ammeter in series with the d-c input. Connect the dynamotor to its d-c 


source. Check the voltage across the output of the power supply, and 


also the current drain from the battery several times within a 10 minute 
interval, and if they are approximately the same as specified in the manual 
in the TM 11-4000 series, the power supply is operating properly. 
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Figure 3. Typical vibrator power supply. 


d. VIBRATOR Power Suppiies. Vibrator power supplies contain the 
following major components: vibrator, power transformer, rectifier, and 
filter networks, as shown in figure 3. 


(1) The common troubles found in vibrator power supplies are com- 
plete inoperation, noise, erratic operation, and low-voltage output. 


(2) Complete inoperation is usually caused by an open or short circuit, 
or a defective vibrator. Measuring the input voltage at the fuse terminals 
of the power supply will disclose an open supply line, or a blown fuse. 
If the vibrator is operating normally, a slight buzz can usually be heard, 
or a slight vibration can be felt when thé vibrator is touched. If the 
vibrator is inoperative, check the components of the input filter circuits 
for opens. If the vibrator is operating, measure the a-c voltage across 
the secondary of the power transformer, using a high scale of the a-c 
voltmeter. Zero, or low-voltage reading at this point indicates a possible 
shorted, or partially shorted, buffer capacitor. The remainder of the 
vibrator power supply is similar to a-c operated power supplies and can 
be tested and repaired as outlined in paragraph 12b. 
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(3). Noise is usually Galised by loose connections or loose shielding. 
be interference known as vibrator hash is caused by arcing of the 
vibrator contacts and can be quite objectionable unless all shielding is 


tight, clean, and well grounded. Often this type of interference can be 


corrected by replacing the vibrator with a new one. 


(4) Erratic operation is caused by a high resistance or loose connec- 
tion, or a defective vibrator. A systematic check of all components is 
necessary to locate the trouble. Often, resoldering all connections in the 
input filter circuit will correct erratic operation. In some instances, 
replacing the vibrator will correct the trouble. 


(5) Low output voltage is usually caused by a partially shorted filter 
capacitor, a weak rectifier tube, or defective vibrator. Resistance measure- 
ments, as outlined in paragraph 12b, will reveal faulty filter capacitors. 
The vibrator can be tested in a power supply known to be operating 
properly. 

e. BATTERY Power Suppiies. Many Signal Corps radio sets use 
dry batteries to power the equipment. Noisy, weak, or erratic operation 
of the equipment is usually caused by batteries which have weakened 
beyond their useful life. To properly test these batteries follow the 
instructions given in TM 11-430. 


f. PREvENTING Damace To Power Suppty. To prevent possible 
damage to the power supply, measure the input resistance of the receiver 
or transmitter before the units are connected. The correct input resistance 
of the unit can be found in Technical Manual or in the manual in the 
TM 11-4000 series for the equipment. If the value is not correct, all 
capacitors and resistors in the B supply line should be checked with an 
ohmmeter for possible shorts or opens, and any defective parts replaced. 


g. PREPARING EQUIPMENT FOR OPERATION. The first step in prepar- 
ing the equipment for operation is to reinstall all plug-in parts removed 
for cleaning and inspecting. Be sure the parts are firmly seated in their 
receptacles and all locking screws or nuts tightened. Connect the equip- 
ment to the proper a-c or d-c power supply. Turn on the equipment and 
allow the tubes to warm up for several minutes. Listen and look for 
arcing, crackling noises, or unusual odors emanating from the equipment. 
If any of these conditions exist, turn off the equipment and immediately 
check the parts which are causing these noises or odors. 


h. Meterinc Sockets. Many Signal Corps equipments have external 
voltage-measurement sockets, called metering sockets, which are used for 
quick voltage checks of certain circuits. When checking voltages, always 
use the highest scale on the voltmeter. If the reading is low on the 
highest scale, use the next lower; scale to obtain a more accurate reading. 
This method prevents accidental damage to the voltmeter. 


Section IV. ALIGNMENT 
13. General | 


Alignment procedures described in this manual are typical but the align- 
ment procedures for specific equipments are outlined in the technical 
manual or the manual in the TM 11-4000 series and should be followed. 

a. If the defective unit is a receiver which operates, but does not have 
normal power output, or selectivity, an attempt can be made to realign 
the r-f, oscillator and i-f stages. 

b. The ability to align receivers accurately is an absolute essential to — 
good servicing, as misalignment often comes from the aging of equipment 
from physical vibration, the change in the placement of wires, the replace- 
ment of parts, or climatic conditions. Some of the basic alignment 
principles which should be applied to any alignment procedure are as 
follows : 


(1) Use calibrated, accurate signal generators as a signal source when- 
ever possible. Always check the frequency of the signal generator with 
a frequency meter before starting an alignment. 


(2) Use a visual indicator, such as a vacuum-tube voltmeter, an 
oscilloscope, or an output meter to determine alignment results, as the 
ear is not sufficiently sensitive to small changes of output power. 


(3) Connect a load resistor in parallel with the output meter. The 
value of this resistor must be equivalent to the normal output load 
resistance specified in the Technical Manuals or the manual in the 
TM 11-4000 series for the particular unit. 


(4) Use tools containing a minimum of metal to adjust alignment 
screws or nuts, so that constants of the circuit are not disturbed while 
the adjustment is being made. 


(5) For maximum accuracy, turn on both signal generator and receiver 
and allow them to warm up for about 15 minutes before adjustments are 
made. 


(6) Use a low value of input signal to the receiver. A-v-c increases the 
sensitivity of one or more stages of the receiver when the signal reaching 
the detector is weak. Also, it decreases their sensitivity when this signal 
is strong. The net effect, therefore, is to produce a constant output within 
certain limits of the signal strength. By using a weak signal, the a-v-c 
circuit has less controlling effect on the output, and r-f circuits can be 
aligned while in a condition of maximum sensitivity. 

(7) The amplitude of the input signal should be reduced by the 
generator attenuator, not by the receiver-volume control. If the audio 
control of the receiver is used, a strong signal will still be applied to the 
input of the receiver and a-y-c action will be very pronounced. 
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(8) Prevent the drifting of adjustment screws by applying a few drops 
of glyptol to each screw after the alignment is completed. Some units 
have adjustment locknuts or screws which can be tightened instead of 
using glyptol. 

(9) Completely shield all leads, dummy load resistors, and capacitors 
connected between the signal generator and the receiver, to prevent 
radiation of signals which might be picked up by the enemy. 

c. A number of receivers use special wave-trap, crystal-filter, or noise- 
suppressor circuits in addition to the familiar r-f, oscillator, and i-f cir- 
cuits. Therefore, always follow the alignment procedure for a particular 
unit as outlined in its Technical Manual or its manual in the TM 11- 
4000 series. 

d. Usually an a-m signal generator is connected first between grid and 
ground of the final i-f stage, and the final 1-f transformer aligned for a 
maximum output indication. Then the generator connection is moved to 
the grid of the preceding i-f stage, and the i-f transformer between the 
two stages is aligned for a maximum output indication. This process is 
continued, working back from the second detector to the mixer, until all 
i-f transformers have been aligned. 

e. The procedure can be shortened, in some instances, by first con- 
necting the signal generator to the grid of the mixer stage. If the i-f 
stages are only slightly out of alignment, an output indication will be 
obtained. Then each i-f transformer can be aligned for a maximum out- 
put indication. 

f. If a crystal filter is used in the i-f amplifier stages, the alignments 
should be made with the filter switched out and the signal generator tuned 
as closely as possible to the frequency of the crystal. When the alignment 
has been completed, the crystal should be switched in and the generator 
frequency varied over a small range either side of the crystal frequency 
to find the exact frequency, which will be indicated by a sharp rise in 
output. With the generator set on the crystal peak, the 1-f stages can 
be realigned for maximum output. Very little readjustment should be 
necessary. The generator frequency should be checked frequently to 
make sure it has not drifted from the crystal peak. 

g. If an oscilloscope is used as an output indicator, the following pro- 
cedure will permit the use of an f-m signal generator to align i-f stages 
in a-m receivers: 

(1) Connect the vertical plates of the oscilloscope across the detector 
load resistor. 

(2) Connect the signal-generator output between grid and ground of 
the last i-f tube, and set signal generator to the correct i-f frequency for 
the equipment. Connect a dummy load, as specified in the Technical 
Manual or the manual in the TM 11-4000 series for the equipment, in 
series with the generator lead to the grid of the i-f tube. 


(3) Connect a wire between the sync-output terminal of the signal 


generator and the external-sync terminal of the oscilloscope. 

(4) Turn on the equipment, position the trace line at the center of 
the oscilloscope screen, and, using chalk, crayon, or a pencil, draw a ver- 
tical line through the center of the horizontal trace line. 

(5) Increase the signal generator output until an image appears on 
the screen of the oscilloscope. An i-f stage which is properly aligned will 
produce only one image centered over the vertical line, whereas an 1-f 
stage incorrectly aligned will produce two images. 

(6) If the i-f stage is not properly aligned, carefully adjust the trim- 
mers of the last i-f transformer until the two images are superimposed 
and centered over the vertical line on the oscilloscope screen. 

(7) Move generator lead from grid of last i-f tube to grid of each pre- 
ceding tube, working towards mixer stage and adjusting each i-f trans- 
former as outlined in step (6) above until all i-f stages are properly 
aligned. 

h. The r-f and oscillator stages of receivers must be aligned so that 
they track with each other over a specified band of frequencies. Signal 
Corps receivers have calibrated dial scales, which match the particular 
tuned circuits used. To properly align the r-f and oscillator stages, the 
dial itself must be first set so that the ends of the scale correspond to the 
fully open and fully closed positions of the variable capacitors. This pro- 
vides a graduated indication for all capacitor settings. Next, the stages 
are aligned near the high-frequency limit of the dial by setting the modu- 
lated signal generator and receiver dial to the same high frequency and 
adjusting the high-frequency trimmers for maximum output. Then the 
stages are aligned near the low-frequency limit of the dial by setting the 
generator and receiver dial to the same low frequency and adjusting the 
low-frequency padder, or other low-frequency adjustments, for maximum 
output. If the variable capacitor has split rotor-plate sections, it may be 
necessary to reset these sections to obtain perfect agreement between the 
generator- and receiver-dial frequencies at various intermediate positions. 
Adjustment at one end of the dial also affects the setting at the other end 
to a degree necessary to repeat the adjustments at both ends of the dial 
until complete calibration is obtained. 


14. Dual-Channel Receivers 


a. Some Signal Corps equipments, such as direction finding units, often 
contain dual-channel receivers or double superheterodyne circuits. The 
alignment of the i-f stages in these units is similar to that already dis- 
cussed in paragraph 13, with one or two additions. 

b. In dual-channel receivers, the signal from the signal generator must 


be coupled to both i-f channels, when the alignment adjustments are made, | 
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» EF prevent any frequency difference between the two channels, and to be 


et input. For proper operation 33 the equipment, both channels must be 


rs adjusted so that the same power output is obtained when a signal of pre- 
determined amplitude is applied to either channel. 


VACUUM 
TuBE 
VOLTMETER 


OUTPUT 
METER 


“aie 


FIRST 
I-F SECTION 
STAGES 


SECOND 
I-F SECTION 
STAGES 


------~------» 


eee 


SIGNAL 
GENERATOR 


wae a ee 


TLI7S04 


Figure 4. Double superheterodyne receiver block diagram, showing connection of 
test equipment for oh alignment. 


15. Double Superheterodyne Receivers 


I-f stages in double superheterodyne receivers can be aligned quickly 
and accurately in the following manner: 

a. Connect a load resistor and an indicating device, such as an output 
meter, across the receiver audio output. 

_ 6. Connect signal generator to grid of second mixer tube, as shown in 

figure 4A. 

c. Set signal generator to correct frequency, and adjust each trans- 
former in second i-f section for a maximum indication on output meter. 

d. Remove signal generator connections from second mixer tube and 
connect them to first mixer tube grid, as shown in figure 4B. 

e. Connect a vacuum-tube voltmeter to grid of second mixer. 

f. Set signal generator to correct frequency and adjust each transformer 
in first 1-f section for maximum indication on vacuum-tube voltmeter. 

g. Remove vacuum-tube voltmeter, and adjust second mixer tube oscil- 
lator for a maximum indication on audio-output meter. 

h, Carefully readjust each i-f transformer for maximum indication on 
output meter, working back from detector tube to first mixer tube. 


16. Frequency-Modulation Receivers 


a. F-m receivers can be aligned with either an f-m or a-m signal genera- 
tor. If an a-m generator is used, the following procedure will produce 
quick, accurate results: 
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(1) As an output indicator, connect a milliammeter or microammeter 
in series with the limiter-tube grid resistor at the ground end; or con- 
nect a vacuum-tube voltmeter across this resistor; or, drop across the 
resistor is used for automatic volume control and the receiver is pro- 
vided with a tuning meter, the tuning meter can be used as an output 
indicator. ¥ 

(2) Connect the signal generator to the grid of mixer tube, turn the 
modulation off, and set the generator to the correct intermediate fre- 
quency. 

(3) Adjust each i-f transformer for a maximum indication on out- 
put indicator. 7 

(4) Remove the milliammeter or microammeter from the limiter-tube 
grid resistor. 

(5) Connect a vacumm-tube voltmeter across detector-load resistors. 
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Figure 5. F-m alignment patterns. 


(6) Adjust discriminator transformer to resonance, which will be 
indicated by minimum output reading. Then set the generator at the 
deviation limit on one side of the center frequency and note the meter 
reading. Reverse the meter terminals and set the signal generator at the 
opposite deviation limit. The two readings should be the same. If they are 
not, they can be made so by a slight readjustment of the primary trimmer. 
This will necessitate rechecking the response at resonance to make sure 
it is still minimum. Generally speaking, the secondary trimmer will 
chiefly affect the minimum-response frequency, while the primary trim- 
mer will have most effect on the symmetry of the discriminator output. 

b. An accurately calibrated signal generator or frequency meter, should 
be used, since the intermediate frequency must be aligned as symmetrically 
as possible; that is, the output reading should be the same for: any two 
test oscillator settings the same number of kilocycles above or below the 
intermediate frequency. 

c. The r-f oscillator stages are aligned in the same manner as a-m 
receivers. See paragraph 13h. 

d. If the f-m receiver is aligned with an f-m signal generator, it is 
recommended that an oscilloscope be used as an output indicator. A 
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sweep generator must be used with the oscilloscope and should be syn- 
chronized with the f-m signal generator sweep speed. Before alignment 
measurements can be made, it will be necessary to calibrate the view- 
ing screen of the oscilloscope. With the sweep generator turned on and 
operating at the same sweep speed as the f-m signal generator, a trace 
line will be visible on the screen of the oscilloscope. This trace line is 
used as a reference line for measurements by positioning it at the center 
of the viewing screen as shown in figure 5A. After the reference line 
has been established, the horizontal and vertical positioning controls 
on the oscilloscope should not be moved. The alignment procedure is 
as follows: 
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Figure 6. Transmitter neutralization with interelectrode capacity serving as part 
of the tuning capacity. 
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Figure 7. Transmitter neutralization with grid-to-plate capacity as one arm of a 
balanced bridge. ‘ 


(1) Connect vertical plates of oscilloscope across grid resistor of limiter 
tube. 

(2) Connect f-m signal generator to grid of mixer tube, and set gen- 
erator to correct intermediate frequency. 

(3) Adjust each i-f transformer to obtain a symmetrical waveform 
and maximum amplitude on viewing screen of oscilloscope. (See fig. 5B.) 

(4) Remove vertical plate connections of the oscilloscope from limiter- 
tube grid resistor and connect them across detector-load resistors. 

(5) Adjust discriminator transformer to obtain a symmetrical wave- 
form of maximum amplitude, as shown in figure 5C. The transformer 
primary trimmer will have most effect on the symmetry and amplitude 
of the waveform, while the secondary trimmer mostly affects the posi- 
tioning of the waveform in relation to the reference line. 

e. The r-f and oscillator stages are aligned by following the same gen- 
eral procedure outlined for a-m receivers. See paragraph 13h. 
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Figure 8. Transmitter neutralization by means of inductive coupling. 
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L 17. Neutralizing Transmitters 


a. In transmitter neutralization is necessary in some amplifier stages 
to eliminate the undesirable effects such as oscillation and inefficient opera- 
tion, resulting from the feedback of the amplified voltage to the grid 
of the tube through the interelectrode capacity of the tube. Some of the 
circuits used to obtain neutralization are as follows: 

(1) One which makes the interelectrode capacity serve as part of the 
tuning capacity. (See fig. 6.) 

(2) One which makes the grid-to-plate capacity one of the arms of a 
balanced bridge. (See fig. 7.) 

(3) One which feeds back to the grid (by means of inductive coupling ) 
a voltage that is equal in value and opposite in polarity to that fed back 
through the tube capacity. (See fig. 8.) 

b. Plate voltage should not be applied to the amplifier during neutral- 
ization. The oscillator should be adjusted to the correct frequency, and 
the r-f amplifier adjusted for correct grid drive. A milliammeter should 
be inserted in the grid circuit when adjusting for correct grid drive. 

c. There are numerous methods of neutralizing a typical amplifier. 
One method is based upon the interaction between the plate and grid 
circuits when the amplifier stage is not neutralized. If the plate tuning 
is varied through resonance, the grid current will dip sharply. If the 
capacity of the neutralizing capacitor is varied a little at a time while 
the plate tank capacitor is rocked through resonance, the deflection of the 
meter will become less as neutralization is approached. If complete 
neutralization is obtained, the grid-meter needle will not vary when the 
plate-tank capacitor is rocked through resonance. 

d. Another method is based upon the increase in r-f voltage across 
the plate-tank circuit when the plate tank of an unneutralized amplifier 
stage is tuned to resonance. This r-f voltage is indicated by an oscillo- 
scope. The vertical scope plates are inductively coupled to the plate 
tank. The horizontal scope amplifier is turned off, and the brilliance 
should be at low level to prevent burning of the screen. When the plate 
tank is tuned to resonance, a small vertical line will appear on the scope 
if the amplifier is not neutralized. The neutralizing capacitor should be 
varied until only a dot appears. Further variation of the neutralizing 
capacitor will make the line appear again, as the amplifier will be thrown 
out of neutralization. . 

e. Another method uses a light bulb (instead of the scope) coupled 
to the plate tank, to indicate when neutralization has been obtained. The 
procedure is similar to that with the scope, the difference being that the 
bulb will glow as long as the amplifier is not neutralized. Adjusting the 
neutralizing capacitor will cause the glow to disappear when neutralization 
is reached. 


Section V. DETAILED TROUBLE SHOOTING 


18. Localizing Trouble to a Stage in Receivers 


a. SIGNAL SuBSTITUTION. If the defective unit is a receiver which is 
completely inoperative, or one which is weak and does not improve when 
aligned, the trouble can be quickly localized to a stage by signal tracing, 
or signal substitution. If the receiver is completely inoperative, the 
signal substitution method produces quickest results and requires only a 
signal generator and a set of headphones for testing. This method may 
not locate the actual defect, but it will indicate the defective stage. 
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Figure 9. Typical audio amplifier, showing signal substitution points. 


(1) Inject an a-f (audio-frequency) signal into the grid of the audio- 
output stage, as shown in figure 9E and note if the stage will pass a 
signal, which should be heard in the headset. If it does, move the audio- 
generator connection from E to D, then to C, B, and A. Work back to the 
detector, determining if each stage will pass and amplify the signal. 
Use a 0.01l-mmf capacitor in series with the lead to the a-f signal 
source. If the a-f stages pass and amplify the signal, check the i-f stages. 

(2) Inject a modulated i-f signal of the correct frequency into the grid 
or diode plate of the detector, as shown at figure 10E and then into the 
i-f stages, as shown at D, C, B, and A, working back to the plate of the 
mixer and listening for the modulating tone in the headset. Use a 
0.001-mf capacitor in series with the lead to the i-f signal source. 
If the i-f stages pass the signal, check the mixer and r-f stages. 

(3) Inject a modulated r-f signal into the grid of the mixer stage, as 
shown in figure 11E and note if the signal is heard in the headset when 
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Figure 10. Typical i-f amplifier, showing signal substitution points. 
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Figure 11. Typical r-f amplifier, showing signal substitution points. 
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the set is tuned to the signal frequency. If this stage is operating, work — p 
back through the r-f stages, as shown at D, C, B, and A, to the antenna 
terminal. Bee: ph 

(4) If any stage fails to pass a signal when using this method, the 
trouble is localized to that stage, and the individual parts in that stage 
should be checked for defects. oy 

b. SIGNAL-TRACING METHOD. A _ second method of localizing the 
trouble to a stage is signal tracing. This method is similar to signal 
substitution but the procedure starts at the antenna terminal of the receiver 
instead of the audio output. 

(1) In signal tracing, a signal generator is connected to the antenna — 
terminals of the receiver, and supplies a modulated r-f signal of pre- 
determined amplitude. This signal can then be followed or traced through 
the various stages of the receiver by connecting an indicating device, 
described in the following paragraph, first to the input, and then to the 
output, of each succeeding stage. The point where the signal disappears 
will indicate the defective stage, and the individual parts within that 
stage should be checked for defects. 

(2) Indicator units used in signal tracing should be of a type suitable 
for the circuit under test. The audio-amplifier stages require an indi- 
cator such as an output meter, speaker, or oscilloscope. Amplifiers operat- 
ing at radio frequencies require a test instrument that will give an 
indication at radio frequencies, such as vacuum-tube voltmeters, r-f 
oscilloscopes, detectors with an audio amplifier, or special signal-tracing 
equipments. 

c. SIGNAL-TRACING CuHarts. (1) In receivers which operate but do 
not meet sensitivity specifications the signal tracing method is used most 
often to measure the relative gain of the signal through each successive 
stage of the receiver. Included in the manual in TM 11-4000 series 
for each Signal Corps receiver is a signal-tracing chart which contains 
information on where to apply the input signal, what amplitude the input 
signal should be, where to connect the indicating device, and what indi- 
cation should be obtained if the stage is operating properly. With this 
information, the trouble can be localized to a stage quickly. Then the in- 
dividual parts within the stage should be checked for defects. 

(2) The signal substitution method can also be used to localize trouble 
in weak receivers if calibrated audio and r-f signal generators are used 
to inject a signal of the frequency and amplitude specified on the signal- 
tracing chart. 

d, CIRCUIT-DISTURBANCE Metuop. (1) Usually, in receivers that 
are completely inoperative, the trouble can be localized to a stage in the 
shortest possible time by the signal-substitution method or the circuit- 
disturbance method. 
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(2) The circuit disturbance test is similar to signal substitution. Turn — 


the receiver on, and allow sufficient time for the tubes to warm Up poet 
the volume control for maximum gain, and touch the control grid of the 
output tube with a coin, key, or other metallic object. A click or loud 
hum should be heard in the headset if the output stage is operating 


properly. Ifa click or hum is heard when the output stage is disturbed, 
follow back through the audio, i-f, and r-f stages, listening for clicks or 
hum when the grids are touched. When a point is reached where no 
clicks are heard, the trouble is between this point and the point at which 
clicks were last heard, and the individual parts within this section should 
be checked for defects. 

é. STAGE-MUTING MErHop. Hum, oscillation, and noise are common 
troubles which are sometimes very difficult to locate. The most helpful 
procedure to follow in trying to determine the cause of one of these 
troubles is to first localize the trouble to a stage. An efficient and simple 
method is called stage muting. In using this method, the grid of a stage 
is effectively shorted to the chassis with a capacitor of approximately 
0.25 mf. Thus, signals originating further back in the receiver cannot 
affect or pass this stage. Starting at the output stage, short the grid 
to the chassis with a capacitor. If the hum or noise continues, the cause 
must be in the power supply or the output stage. If the hum or noise 
stops, it is originating at some point preceding this stage. Work back 
through the set, shorting each grid to chassis in turn, until a grid is 
reached where the hum or noise does not stop. The point where the hum 
or noise originates will be between that grid and the preceding grid that 
was shorted to the chassis. 

f. Locatizinc INTERMITTENT TRouBLES. Conditions of intermittent 
operation and intermittent noise are probably the most difficult to localize. 
In many instances it will be necessary to use more than one of the pre- 
viously discussed methods to localize the trouble to a stage. In some 
units intermittent operation or noise occurs only when the unit is cold; 
in others, only when the unit is hot, or when a signal is applied. When- 
ever possible, attempt to duplicate the condition under which the trouble 
is noticeable. Conditions of cold can be duplicated by placing the unit 
in a refrigerator, or-out-of-doors, for a period of time before testing. 
Conditions of heat can be duplicated by placing the unit in an oven, or by 
operating the unit for a period of time in a confined area, such as under a 
cover or ina box. In instances where noise is present only when a signal 
is applied, tune the signal generator and receiver to the low-frequency 
end of the band and apply an unmodulated r-f signal of sufficient strength 
to cause the receiver to be microphonic. Then gently tap various com- 
ponents to localize the noise to a stage, section, or part. 
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19. Localizing Trouble to a Stage in Transmitters 


a. The localization of trouble in transmitters is somewhat different 
from that in receivers because of the design differences between the 
equipments. Some transmitters have provision for meters which measure 
the grid voltage and plate current of the various r-f stages. If no 
provision has been made it is advisable to connect meters into these 
circuits temporarily, as the readings obtained are particularly helpful in 
localizing trouble. 

b. To protect the final amplifier tubes and associated parts, while 
attempting to localize the trouble, it is advisable to remove the high 
voltage from the final amplifier stage until it is known that the oscillator 
and buffer stages are operating properly. 

c. Turn on the equipment, tune the master oscillator to a desired fre- 
quency, and note the plate-current indication on the plate-current meter. 
Compare this indication with the indication specified in the manual in the © 
TM 11-4000 series, or Technical Manual for the equipment, or with the 
indication obtained from a transmitter known to be functioning properly. 
If the reading is very much higher than normal, the oscillator stage is 
probably not oscillating, thus the trouble has been localized to the oscillator 
stage. If the reading is much lower than normal, it will probably indicate 
no load presented to the oscillator by the buffer stage. Tune the buffer 
stage to the proper frequency and note the grid-voltage and plate-current 
indications of this stage. Compare these readings with those specified 
in the manual in the TM 11-4000 series. If the readings are normal, 
tune the final amplifier to the correct frequency, apply the high voltage 
to the stage and quickly retune the amplifier to obtain a minimum plate- 
current indication. Compare the grid-voltage and plate-current readings 
of this stage with those specified. If grid voltage is normal but plate 
current is high, or no noticeable reduction in current is obtained when 
the amplifier is tuned to resonance, it indicates improper antenna load, 
parasitic oscillations, or trouble in the component parts of the amplifier 
stage. 

d. A very simple method of detecting the presence of radio frequency 
in transmitters 1s to place a small neon bulb, or a few turns of insulated 
wire in series with a flashlight bulb, close to circuits or coils in the unit. 
If r-f energy is present, the bulb will glow and indicate by its brilliance 
the relative strength of the radio frequency. For protection against r-f 
burns and shock, the neon bulb, or flashlight bulb and wire, should be 
mounted on a stick of wood, or some insulated rod. 

e. Often, a transmitter will operate correctly on cw (continuous wave), 
but not on voice. The speech amplifier and modulator units of the trans- 
mitter can be considered similar to receiver audio amplifiers when 
localizing trouble to a stage. The signal-tracing method (par. 18b) is 
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particularly adapted to these units since the microphone can be used as a 
signal source. Low-power amplifiers can be checked with an output 
meter or headset in series with a capacitor. Work from the microphone 
transformer to the output of the modulator transformer. The trouble 
will then be localized to the stage at which no signal indication is obtained. 
In high-power amplifiers use only an output-indicating device capable of 
reading high a-c voltages. 


20. General Trouble Localization within a Stage 


After the trouble has been localized to a stage, it is necessary to 
further localize the trouble to the defective part within that stage. To 
locate the defective part in the shortest possible time, the repairman must 
know how a defective part will affect the performance of the equipment. 
As an example, if distortion is present in an audio amplifier and the 
trouble is localized to a stage, the repairman would not check first for 
an open plate-load resistor, but would rather expect to find incorrect grid 
bias or a faulty coupling capacitor. 


21. Localizing Trouble in Audio, Speech-Amplifier, 
and Modulator Stages 


a. The most common troubles localized to audio, speech-amplifier, or 
modulator stages are complete inoperation, weakness, hum, motorboating, 
noise and distortion. The first step in locating the defective part within 
the stage should be a voltage measurement at each terminal of the tube 
socket. The manual in the TM 11-4000 series for each equipment 
contains a tube-socket layout diagram showing the correct voltages at 
each tube-socket terminal, and also the resistance of the voltmeter that 
should be used. Compare the readings obtained from the defective unit 
with those on the diagram. A slight variation in readings is permissible, 
but if any great difference is noted each component part of that circuit 
must be checked carefully for open or short circuits. 

b. Resistance measurements should follow. To do this quickly, a few 
moments should be spent examining the circuit diagram to determine the 
approximate value of the resistance involved. In some circuits which 
use series and parallel networks, it would be quicker to isolate a portion 
of the circuit by unsoldering a connection and testing each section 
separately. Whenever low voltage is read, resistance measurements, as 
outlined, will determine the faulty component. 

c. Trouble in an audio stage that is weak or completely inoperative 
can be located quickly by voltage and resistance measurements, as it is 
usually caused by a break-down or change in value of a component, and 
is indicated by incorrect voltage or resistance at one or more points of 
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the circuit. Many times a part will change value only after the unit has 
been in operation for a period of time. Defective parts of this type can 
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best be located by taking voltage measurements with a vacuum-tube volt- — 


meter. Comparing the readings obtained with those specified in the 


Technical Manual or the manual in TM 11-4000 series for the equipment 


will then disclose the part across which a higher, or lower, than normal 
voltage is being developed. — 


d. Hum is usually caused by loose shielding or d-c circuit wiring 


accidentally placed close to a-c circuits either during repairs or through - 


vibration. A low-frequency hum generally originates from the filament 
wiring and can be corrected by repositioning grid and plate wires to place 
them outside the inductive field that exists around wiring in alternating 
current circuits. All filter capacitors should be carefully checked. An 
oscilloscope, or vacuum-tube voltmeter with a capacitor in series with 
one of the test leads, connected between the tube-socket terminals and B— 
will indicate the presence of hum by a distorted sine-wave pattern, or a 
reading of the hum voltage. 


e. Motorboating or low-frequency oscillation, is usually caused by an 
open grid or cathode circuit. Open capacitors connected between the 
plate, cathode, or screen grid and ground may also cause motorboating. 


f. When intermittent noise is noticeable in an audio amplifier it may be 
attributed to a defective tube, the internal arcing of a component, or loose 
or high-resistance connections. All tubes, resistors, capacitors, and 
soldered connections should be moved slightly and tapped gently with an 
insulated prod to locate loose elements in tubes or loose connections at 
any components. 


g. Distortion in an audio stage is generally caused by improper bias 
voltage or a defective audio coupling capacitor. Modulator stages, used 
in transmitters, are generally operated as class B amplifiers. When 
checking distortion within these stages, be certain sufficient drive power 
is applied. 

1, Audio amplifiers and modulators using tubes in parallel or push-pull 
parallel arrangements usually employ a resistor in series with the plate 
of each tube to suppress parasitic oscillations, A change in value of this 
resistor will cause oscillation or distortion. 

1. Distortion localized to an audio stage in which the amplification is 
higher than normal indicates possib‘e failure of components in the inverse 
feedback circuit. Reference to the circuit diagram in the Technical Manual 
or the manual in the TM 11-4000 series will show the proper values for 
components in this circuit, and resistance measurements will indicate the 
faulty part. In some amplifiers, degeneration is introduced by connecting 


a small capacitor between the plate of one tube and the grid of the tube 
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ae ‘the preceding stage. This is done to reduce distortion originating 
_ within the stage at a slight sacrifice in gain. 
_ j. An oscilloscope can be used to determine quickly the sources of 
hum, noise, and distortion in an audio amplifier. To do this an audio 
signal generator is connected to the input of the audio amplifier and 
the vertical plates of the oscilloscope connected across the output circuit 
of the first stage. The audio generator is set at a low frequency and 
the sweep-amplifier range control on the oscilloscope adjusted to produce 
a stationary pattern on the screen of the cathode-ray tube. With all 
equipments turned on and thoroughly warmed up, a perfect sine-wave 
pattern should appear on the screen of the cathode-ray tube. Should 
the pattern appear to be saticfactory, move the vertical-plate connec- 
tions to the output of the second audio stage, where the sine wave may 
be observed again. Any distortion in the sine-wave pattern may be 
credited to the improper functioning of the audio circuits. and should 
be corrected before proceeding to succesive stages. 

k. Other failures in audio amplifiers are caused by insulation break- 
down between windings in audio transformers, loose shielding, and 
grounded circuits. 


22. Localizing Trouble in Detector Stages 


a. Signal Corps equipments use different types of detectors, such 
as plate detectors, grid detectors, and diode detectors. In plate detection 
the r-f signal is amplified, then rectified. Grid detection does the reverse; 
it rectifies the r-f input signal and amplifies the audio component. ‘The 
diode detector offers no amplification of r-f or a-f signals. Many receivers 
use a twin diode detector to obtain a separate, rectified a-v-c voltage. 


b. The most common troubles found in detector stages are complete 
inoperation, weakness, distortion, noise and hum. The first step in 
determining a faulty component, when trouble has been localized to the 
detector stage is the comparison of all tube-socket voltages with those 
shown in the Technical Manual or the manual in the TM 11-4000 series 
for the particular equipment. When a defective circuit has been found, 
resistance measurements of the individual components within that circuit 
will isolate the defective part. 

c. An inoperative detector stage is usually caused by an open or short 
circuit which can be easily identified by systematic resistance measure- 
ments. 

d. A weak detector stage generally indicates that a circuit is partially 
open or shorted. Each component requires a careful, individual check 
as the slightest change in value, over the tolerance limits, may reduce 
the gain of the stage. 
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e. Distortion in a detector stage can be caused by improper placement 
of circuit wiring, high-resistance connections, improper bias voltage, and 
partially open or shorted components. In checking a detector stage for 
distortion, care should be taken to correct each trouble as it is located, 
because more than one condition may be the cause of this type of failure. 

f. Noise originating in a detector stage usually indicates dielectric leak- 
age or a loose connection. Ordinary meters will not always indicate 
trouble of this nature. Therefore, use an oscilloscope or vacuum-tube 
voltmeter as an indicating device. Connect the indicating device across 
various component parts of the stage and gently tap or move the parts. | 
An intermittent pattern on the scope screen or fluctuating needle move- 
ment indicates the presence of noise in that circuit. If this condition 
exists when testing across a bypass capacitor, it will indicate it as defec- 
tive. 

g. Hum is generally caused by radiations from a-c wiring, defective 
grid circuits, loose shielding, or defective filtering. Hum can be isolated 
to a part or circuit within the stage by using the same procedure as 
outlined in f above for nvise. 


23. Localizing Trouble in Intermediate-Frequency Stages 


a. Localizing trouble in an i-f stage requires careful checking of very 
low-resistance values, soldered connections, shielding and circuit com- 
ponents. The resistance of i-f coils is usually very low and when testing 
for shorted windings the ohmmeter should be set on the lowest range 
and the measurements carefully made. Any slight difference between 
the data for the coil given in the manual in the TM 11-4000 series and 
the component being checked should be investigated before proceeding. 
Partially open or shorted coil windings can be quickly checked by align- 
ing the stage and observing the output meter. If it is necessary to turn 
the trimmer adjustments all the Way in or out to reach resonance, the 
coil is defective. Should the gain of the stage being tested be lower 
than that of other i-f stages in the same equipment, careful resistance 
measurements of the windings and trimmer capacitors should be made. 

b. The common troubles in i-f stages are complete inoperation, weak- 
ness, oscillation, distortion, and intermittent operation. 

c. An inoperative stage is usually due to the absence of voltage at one 
or more points or may result from a shorted or open circuit. The usual 
voltage and resistance measurements should indicate the defect quickly. 

d. An i-f stage in which the amplication is low is generally caused by 
improper voltages, partially open or shorted coii windings, or the need 
for alignment. A stage operating at low gain will give partial voltage and 
resistance readings and extreme care should be taken to apply them 
logically to the apparent trouble. 
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~e. Oscillation may be due to loose shielding, a defective tube, or inter- 
stage coupling. ‘To check the shielding, place the equipment in opera- 
tion and move or tap the coil and tube shields by hand. If the frequency 
of the oscillation changes, the shielding should be cleaned and tightened 
where it contacts the chassis. All shielded wiring should be examined 
for cuts, worn spots, and poor ground connections. Vacuum tubes can 
cause oscilliation due to leakage between elements. Tube testers do not 
always indicate this condition, and the tube should be replaced if no part 
failure has been found. Interstage coupling may be the cause of oscilla- 
tion, and it is usually the result of an open r-f filter capacitor connected 
between d-c circuits and the chassis. When these capacitors open the 
circuit, unwanted radio frequencies will be applied to tuned circuits and 
cause overloading of that circuit. 

f. Distortion is usually caused by improper bias voltage or an open 
or shorted a-v-c filter capacitor. Potentials should be measured at the 
tube socket and followed by resistance measurements, if any differences 
exist. The grid-load resistor should be measured carefully. Close ex- 
amination of all soldered connections and mounting hardware is neces- 
sary. 

g. Intermittent operation of an i-f stage is often difficult to locate 
because many components and circuit conditions can cause this trouble. 
Service and operation reports should be studied. Then the equipment 
should be placed in operation for a reasonable length of time to allow 
the trouble to show up without disturbing the circuits. Should the 
equipment operate correctly during this period, all wiring and components 
should be moved and tapped gently with an insulated prod. Special 
operating checks may be necessary, such as placing the chassis in a 
closed box or room to suppress ventilation, or placing the chassis in 
a refrigerator to chill it, before the trouble will show up. If the stage 
cuts in or out rapidly it generally indicates a loose connection in the 
wiring. Should this action be slow, it indicates a dielectric leakage or 
the opening and closing of a circuit by thermal action. Voltage and re- 
sistance measurements made when the receiver is operating correctly will 
not indicate the trouble. The application of test instruments to an in- 
termittent circuit may create a very small voltage fluctuation that would 
cause the circuit to resume operation. Therefore a very careful visual 
examination of electrical components, and soldered and mechanical con- 
nections is important. 


24. Localizing Trouble in Mixer Stages 


a. When troubles are localized to a mixer stage, the various fre- 
quencies and tube-socket voltages encountered must be considered. The 
function of .a mixer stage is to beat the r-f input signal against the 


signal of the oscillator stage to produce the j-f signal. To obtain this a 


result the tube voltages are critical. Therefore, the first step in localizing 
trouble within a mixer stage is a comparison of voltage measurements 
with those specified in charts for the particular equipment, 

b. The common troubles in a mixed stage are complete inoperation, 
weakness, distortion, intermittent operation and noise. 

c. In an inoperative stage, voltage measurements at the tube socket, 
followed by resistance measurements of the ‘circuits in question, will 
usually disclose any open or shorted components. 

d. A weak mixer stage will require the checks, as outlined, for an 
inoperative stage plus the examination of wiring for open or grounded 
circuits, This can be accomplished by using an ohmmeter set on the 
lowest range. 

e. Distortion can be caused by a faulty vacuum-tube or improper bias 
voltages. The tube should be changed if in doubt, regardless of its 
condition as indicated by a tube tester. Defective components in the 
cathode and control-grid circuits cause improper bias voltage, and each 
capacitor and resistor should be individually checked to determine its 
condition, The circuit diagram of the equipment should be closely 
followed to avoid overlooking a component in the interconnecting grid, 
cathode, and plate circuits, 

f. An intermittent mixer stage should receive the same procedure as 
outlined for i-f stages, (See par. 23g.) The speed with which an in- 
termittent condition can be corrected depends upon the resourcefulness 
of the repairman, as no set procedure will correct all intermittent troubles. 

g. Noise which has been localized to a mixer stage may be due to low 
signal gain in the r-f stages. Should a low gain r-f signal be impressed 
on the mixer stage, the noise frequencies may be amplified more than 
the signal. This condition should be determined, as it cannot be cor- 
rected in the mixer stage. 


25. Localizing Trouble in Oscillator Stages 


a. Trouble localized to an r-f oscillator stage is frequently found to 
be one of three types: failure to oscillate, weak oscillations, or oscillation 
at the wrong frequency. 

6. Failure to oscillate results in no output from the receiver or trans- 
mitter. The lack of oscillation usually can be traced to an open or 
shorted coupling between the plate and grid circuit of the tube, an 
open or shorted grid resistor, an open cathode resistor, a shorted trimmer 
or tuning capacitor, or a faulty tube. Some tubes will be encountered 
which will test satisfactorily on a tube tester, yet, when placed in the 
circuit, will fail to oscillate. The first step in isolating trouble in an 
oscillator stage is to check the socket voltages against the voltage chart 
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4 fee the specific equipment under test. Any material deviation from the 

ee given standards indicates trouble in that portion of the circuit where 
incorrect voltage occurs. Localization of the faulty component can be 
accomplished quickly by continuity and resistance checks with an ohm- 
meter. Substitution of a new tube is advisable when voltage and resis- 
tance checks fail to disclose any port failures. 

c. Weak oscillation produces a considerable loss of sensitivity in a 
receiver, with an attendant drop in over-all performance. In a trans- 
mitter, the output will be extremely low. The fault generally lies in an 

_ open or partially shorted coupling between the grid and plate circuits of 
the tube. Where the coupling is capacitive, a leaky capacitor will decrease 
the amplitude of oscillation. A partially shorted or open coupling coil 
will have a similar effect. Check coupling capacitors for leaks and coils 
for continuity. Low plate voltage will cause weak oscillation. In con- 
verter tubes, low screen voltage or lack of screen voltage produces a like 
result. 

d. Oscilliation at the wrong frequency is characterized by either no 
response from a receiver or reception of only a portion of the coverage 
of the receiver at either the lower or upper end of the band, depending 
upon which side of the fundamental frequency the oscillator is designed 
to operate. This condition can be caused by a change in the value 
of components, a partially shorted tank coil or tuning capacitor, an in- 
correctly aligned oscillator, or a faulty tube, the latter being most evi- 
dent at the higher frequencies, where a change in the interelectrode 
capacitance of the tube elements can cause a frequency shift. Check 
components for value and test for continuity and shorts. A check to 
determine whether the oscillator is operating correctly can be made 
by setting the dial of the receiver at a point near the low-frequency end 
of the dial and feeding a modulated signal of the same frequency from 
a signal generator into the receiver. Then check the frequency of the 
oscillator with a frequency meter. The frequency of oscillation should 
be either the sum or difference of the 1-f and r-f input signal, depending 
upon whether the oscillator is designed to operate on the high or low 
side. In some receivers the oscillator operates on the high side in the 
lower bands and on the low side in the higher bands. 


26. Localizing Trouble in Radio-Frequency Stages 


a. Troubles localized to r-f stages of receivers are similar to those 
encountered in i-f stages and can be corrected by following the procedure 
as outlined in paragraph 23. 

b. R-f stages in transmitters are usually operated as Class C amplifiers 
and the voltages applied to the tube elements are comparatively high. 
Certain types of transmitting tubes have plate connections located on 
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the side or top of the tube envelope. Because of the very high r-f voltage. 
present in these amplifier stages, d-c voltage measurements should be 
made between ground and the B end of the r-f coils. Tf it is necessary to 
make voltage measurements at tube-socket terminals, an r-f choke should 
be connected in séries with the positive lead of the voltmeter to prevent 
damage of the meter by the r-f voltage. 


Caution: Extreme caution must be exercised to avoid bodily contact 
with these potentials, . 


c. Before making resistance measurements or handling any circuit 
components, all capacitors in high-voltage circuits should be discharged © 
by short circuiting them with a low-value resistor. 


d. Should the circuit voltages and components measure normally, the 
tube should be rechecked by replacing it with one known to be good. 


e. Precautionary measures must be taken to suppress radiation by 
substitution of a shielded dummy load, as specified in the Technical 
Manual or the manual in the TM 11-4000 series for the particular unit. 


f. High plate current or low grid bias is usually caused by insufficient 
signal amplitude in the previous stage or defects in the grid circuit of 
the stage under test. Low plate current can be caused by a weak ampli- 
fier tube or an increase in value of the grid or cathode resistor. 


27. Localizing Trouble in Automatic-Volume-Control Circuits 


a. Many different types of a-v-c circuits are used in Signal Corps radio 
sets to vary automatically the grid bias on r-f and i-f amplifier tubes, 
thereby maintaining a constant output signal over a predetermined range 
of r-f input-signal amplitude variation. To correct trouble localized to 
a-v-c circuits, first carefully examine the schematic diagram for the par- 
ticular unit to determine the type of circuit used, and where control volt- 
ages can be measured to quickly localize the defective part. 


b. The most common troubles encountered in a-v-c circuits are com- 
plete inoperation and partial operation of the circuit, 


c. Complete inoperation usually has one of two effects on the per- 
formance of a receiver, depending upon the nature of the trouble. One 
condition is extremely high sensitivity and background noise caused by 
shorted wiring or capacitors. This condition can be quickly located by 
resistance measurements at various points in the circuit. The other con- 
dition is low sensitivity caused by an open resistor, or a defective a-v-c 
rectifier tube. The first step in localizing trouble of this nature is to de- 
termine whether the a-v-c rectifier tube is functioning. This can be ac- 
complished by measuring the voltage across the a-v-c load resistor with a 
vacuum-tube voltmeter. A lack of voltage at this point indicates a defec- 
tive tube or coupling capacitor. If voltage is present across the a-y-c 
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load resistor, voltage and resistance measurements made across succes- 
sive parts of the a-v-c network will reveal a defective component. 


d. Partial operation of the a-v-c stage usually results in a distorted out- 
put on strong signals and is generally due to a shorted a-v-c filter capaci- 
tor. The defective circuit can be located by connecting a vacuum-tube 
voltmeter between the control grid of each tube in the a-v-c network and 
ground, beginning with the a-v-c rectifier tube. The absence of voltage 

-on a certain stage indicates an open, shorted, or grounded component, 
and the careful checking of each part with an ohmmeter will disclose the 
part failure. 


28. Localizing Trouble in Automatic-Frequency-Control 
and Discriminator Circuits 


a. A-f-c (automatic-frequency-control) and discriminator circuits are 
basically identical in operation although differing in function; therefore, 
troubles in these stages are covered under this combined discussion. In 
automatic frequency control, the voltage developed in the discriminator 
stage is used to control the frequency of the local oscillator of the receiver 
by means of a frequency-control tube which acts as a variable reactance 
shunted across the tank circuit of the oscillator. In frequency modula- 
tion, the discriminator demodulates the signal and supplies the audio 
component to the audio circuits. 


b. The major trouble encountered in these circuits is incorrect align- 
ment, resulting in distortion and poor performance of the receiver. The 
remedy for this condition is correct alignment, following the procedure 
outlined in the Technical Manual in the TM 11-4000 series for the spe- 
cific equipment. Extreme care must be exercised to adjust the dis- 
criminator cireuit to exact balance at the fundamental i-f frequency of 
the equipment under test, or the a-f-c action will fail to tune the local 
oscillator to the correct frequency or, in f-m receivers, the discriminator 
will not give a true reproduction of the audio components of the received 
signal. 

c. Because all discriminator action is dependent upon balance, per- 
formance of the circuit can be materially affected by failure or change 
in value of any component within the circuit. A tube whose twin diodes 
fail to rectify equally can cause trouble. Leaky r-f bypass capacitors 
destroy balance. Inequality of load resistors has the same effect. An open 
or shorted winding on either side of the center-tapped secondary of the 
i-f transformer coupling or in the primary winding will cause failure. 
Open or shorted coupling capacitors have the same effect. Isolation of 
these troubles can be accomplished by voltage and resistance checks. 


d. Use of an oscilloscope or vacuum-tube voltmeter in testing the ac-— 
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tion of a discriminator circuit is highly advantageous. The voltages de- 


veloped across the various components can be measured and lack of bal- 
ance quickly traced to the faulty part. Alignment procedure using these 
equipments is outlined in paragraph 16d. 


e. In a-f-c circuits, the discriminator may be functioning correctly 
without a resultant a-f-c action if trouble is encountered in the circuit 
associated with the frequency control tube. The oscilloscope or vacuum- 
tube voltmeter will be helpful in isolating the trouble because of their 
wide range and lack of loading upon the circuits under test. The defec- 
tive part or parts can then be traced by voltage and resistance checks. 


29. Localizing Trouble in Multivibrator Circuits 


a. Multivibrator circuits are used in some Signal Corps equipments to 
supply a constant frequency signal, the harmonics of which provide a 
method of checking the calibration of the tuning dial at various points 
throughout the frequency range of the equipment. 


b. A brief study of the schematic diagram of the equipment under test 
should be made before testing is begun, to determine the value of the 


various resistors and capacitors in the circuit and the voltages at the . 


socket contacts of the tubes. Due to the close tolerances of voltage and 
part values necessary for a multivibrator circuit to operate properly, all 
measurements must be made very carefully and all defective parts re- 
placed with new parts of the proper value and tolerance. 


c. The most common troubles in multivibrator circuits are complete 
inoperation, unsymmetrical operation, and operation at an incorrect fre- 
quency. 


d. Complete inoperation and unsymmetrical operation may both be 
caused by such conditions as improper voltages, defective tubes, and de- 
fective resistors and capacitors. Careful voltage and resistance measure- 
ments and waveform checks with an oscilloscope will quickly localize 
trouble and check the output waveform for symmetry. 


e. Operation at an incorrect frequency is usually caused by failure of 
the frequency-controlling circuit associated with the multivibrator. Volt- 
age and resistance measurements will readily localize defective com- 
ponents in the oscillator circuit. After the multivibrator circuit has been 
repaired, the operating frequency may be checked by rotating the tuning 
dial of the equipment and noting the frequencies at which the beatnotes 
are heard. 


Note. After repairs have been completed, the equipment should be refinished, 
if necessary, and then moistureproofed and fungiproofed. Instructions for these 
operations are contained in TB SIG 13, Moistureproofing and Fungiproofing Signal 
Corps Equipment. 
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a, GENERAL. (1) After repairs have been completed on a Signal 
Corps radio and the unit has been moistureproofed and fungiproofed, a 
final check must be made to make certain that the unit is in proper con- 
dition for its tactical use. 

(2) Although the unit was correctly aligned during the repair pro- 
cedure, a recheck of the alignment is necessary after the moistureproofing 
and fungiproofing operation has been completed. At the completion of 
this alignment check, various over-all performance tests must be made 
to be certain that the unit is within its minimum test requirements. 

(3) The manual in the TM-4000 series for each individual radio 
equipment contains performance specifications for that unit which must 
be adhered to, if the equipment is to fulfill its tactical purpose. 
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Figure 12. Block diagram, showing connections for i-f selectivity test. 


(4) The performance tests described here are general in nature. 
Whenever possible, the procedure specified in the Technical Manual or 
the manuals in the TM 11-4000 series for individual receivers, or trans- 
mitters, should be followed in preference to the general procedure. Cer- 
tain conditions of temperature, humidity, atmospheric pressure, and vibra- 
tion shou'd exist before performance tests are made. These conditions 
are given in the specifications for the individual unit, in addition to the 
proper test equipment to be used and the rated input and output read- 
ings required. 

6b. SeLectiviry. A check of the selectivity, or bandwidth, of the i-f 
stages can be made by coupling the output signal of a signal generator 
to the control grid of the mixer tube, and connecting a load resistor and 
voltmeter across the output of the receiver, as shown in figure 12. Fol- 
lowing the specifications given in the manual in the TM 11-4000 series 
for the particular unit, proceed as follows: 
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(1) Tune signal generator to intermediate frequency and set gain con- 
trol for rated input signal. ae 

(2) Set receiver-volume control to obtain rated output-signal reading 
en output meter. ; 

(3) Advance signal-generator-gain control to twice the original input 
signal to mixer stage. 

(4) Change frequency of signal generator, first above, then below, 
intermediate-frequency setting, stopping at both frequencies that produce 
original output meter reading obtained in step (2) above. The DIF- 
FERENCE between these two frequencies represents the bandwidth, or 
selectivity of the 1-f stages. 

c. SENsITIVITY. This sensitivity test should be performed at a mini- 
mum of four evenly spaced frequency settings of each receiver tuning 
band, to obtain a true indication of the over-all performance of the re- 
ceiver. The normal sensitivity of a receiver can be checked as follows, 
using a 10 to 1 signal-to-noise ratio as an example: 

(1) Connect signal-generator output through a shielded dummy load 
to antenna input of receiver. The correct value and type of dummy load 
to use can be found in the Technical Manual or the manual in the TM 11- 
4000 series for the equipment. 

(2) Connect an output meter and proper load resistor, as specified 
in manuals for the equipment, across receiver output. 

(3) Set receiver-tuning control near low-frequency end of range. Set 
signal-generator-frequency control to same frequency as receiver and ad- 
just generator-gain control for 5-microvolt output signal with modula- 
tion on. 

(4) Set receiver-volume control to maximum position, and retune 
signal generator for a maximum indication on output meter. 

(5) Turn modulation off and adjust receiver-volume control for 
1-milliwatt output reading. This represents noise reading. 


Note. Using a resistive load and an a-c voltmeter, power can be calculated by 
2 
E P=power in watts, E = voltage in volts, 

R= resistance in ohms. 


applying the formula eae where: 

(6) Turn modulation on and adjust signal-generator gain control for a 
10-milliwatt reading on output meter. This indication represents signal 
plus noise. . 

(7) Readjust receiver-volume control and signal-generator-gain con- 
trol until receiver output is 10 milliwatts with modulation on, and 1 milli- 
watt with modulation off. When this condition exists, record signal- 
generator-output setting. This indication represents the sensitivity of 
the receiver expressed in microvolts. 


d. SIGNAL-TO-NOISE Ratio Test. To determine only the signal-to- 
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noise ratio of a receiver, connect the test equipment as for the normal 
sensitivity test (c above). 

(1) Set signal generator for normal sensitivity signal with modula- 
tion on, as specified in the Technical Manual or the manuals in the TM 
11-4000 series for the particular receiver. 

(2) Record the reading obtained on the output meter. 

(3) Turn modulation off. 

(4) Record new reading on output meter. The signal-to-noise ratio 
is the ratio of the first reading to the second. 

e. IMAGE FREQUENCY RejecTION TEstT. Some receivers require an 
image frequency rejection test. This is performed as follows: 

(1) Connect receiver and test equipment as for normal sensitivity test 
(c above), and record reading of signal-generator output. 

(2) Set frequency control of signal generator to receiver image fre- 
quency. This frequency will be signal frequency plus twice the inter- 
mediate frequency, if the oscillator frequency is higher than the signal, 
or minus twice the intermediate frequency, if the oscillator frequency is 
lower than the signal frequency. 

(3) Increase signal-generator-gain control until normal power-output 
reading is obtained on output meter. 

(4) Record output reading of signal generator in microvolts. Divide 
this reading by the original signal-generator-output reading previously 
recorded. The result represents the image-rejection ratio. 

f. Auptio Power Output Test. Audio-frequency power-output tests 
can be conducted as follows: 

(1) Connect receiver and test equipment as for normal sensitivity test 
(c above). 

(2) Set receiver-volume control to maximum gain position, and 
receiver and signal-generator tuning controls at low-frequency end of 
band. 

(3) Record input-signal strength in microvolts necessary to produce 
first normal and then maximum power output, as specified in the Tech- 
nical Manual or the manual in the TM 11-4000 series for the particular 
umit. 


31. Performance Tests for Transmitters 


a. GENERAL. Over-all performance tests of transmitter equipment 
differ greatly from receiver tests. The checks most frequently made are 
frequency, power output, and modulation percentage. These checks can 
be performed in a practical manner quite easily. 

b. Frequency Test. The frequency of a transmitter can be checked 
with an accurate frequency meter. Place the frequency meter several 
feet from the transmitter antenna, and tune for an indication of resonance 
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after all equipment has been operating approximately %4 hour. The 
calibrated-dial reading will then indicate the transmission frequency. 

c. POWER OvurpPut Test. <A practical method of checking the power 
output of a transmitter is to first establish a standard by which a com- 
parison can be made with repaired units. 

(1) Connect a transmitter known to be in perfect condition. ; 

(2) Place a field-strength meter a measured distance from the trans- 
mitter antenna. | 

(3) Tune transmitter and field-strength meter for maximum output, 
and record indication obtained on field-strength meter. 

(4) Replace transmitter known to be good with repaired transmitter 
and tune for maximum output. 

(5) Compare indication on field-strength meter with reading previously 
recorded. Reading should be equal, if transmitter is operating properly. 

d, ALTERNATE PoweEr-outpuT TEst. The power output of a trans- 
mitter can also be measured by using a dummy or phantom antenna in 
place of the regular antenna and employing an r-f ammeter as a measuring 
device. Proceed as follows: 

(1) Connect a transmitter known to be in perfect condition. 

(2) Hook up a dummy load or phantom antenna in series with the 
r-f ammeter and connect in place of the regular antenna. The correct 
value and type of dummy load or phantom antenna to use can be found 
in the Technical Manual or the manual in the TM 11-4000 series for the 
equipment. 

(3) Tune transmitter for maximum output and record indication 
obtained on r-f ammeter. 

(4) Replace transmitter known to be good with a repaired transmitter 
and tune for maximum output. 

(5) Compare indication on r-f ammeter with reading previously 
recorded. Readings should be equal if transmitter is operating properly. | 

e. MopULATION PERCENTAGE TEsT. (1) Several different methods 
can be used to determine modulation-percentage of a transmitter signal. 
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Figure 13. Coupling test equipment for modulation-percentage test. 
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Figure 14. Modulation-percentage patterns. 


One reliable and accurate method uses an oscilloscope as an indicator. 
The oscilloscope gives a direct picture of the modulated output of the 
transmitter, and the waveform errors inherent in other types of measure- 
ments are eliminated. 

(2) Figure 13 shows the connections of the test equipment to obtain 
a wave-envelope pattern on the oscilloscope screen. The vertical-deflection 
plates are coupled to the amplifier-tank coil by a pick-up coil made of a few 
turns of wire, and connected to the oscilloscope by a twisted-pair lead. 
The position of the pick-up coil should be varied until a carrier pattern 
of suitable height is obtained, as shown in figure 14A. The sweep voltage 
should be adjusted to make the width of the pattern slightly more than 
half the diameter of the screen. 

(3) With the application of voice modulation, a rapidly-changing 
pattern of varying height will be obtained, When the maximum height of 
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this pattern is just twice that of the carrier alone, the wave is being 
modulated 100 per cent. This is illustrated by figure 14C, where the 
point X represents the sweep line (reference line) alone, YZ is the 
carrier height, and PQ is the maximum height of the modulated wave. 
If the height is greater than the distance PQ, as illustrated in figure 14D, 
the wave is overmodulated in the upward direction. Overmodulation in 
the downward direction is indicated by a gap in the pattern at the 
reference axis, where a single bright line appears on the screen. 
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Figure 15. Modulation-percentage graph. 


(4) Overmodulation in either direction may take place even when the 
modulation in the other direction is less than 100 percent. Assuming 
that the modulation is symmetrical, the modulation percentage can be 
measured directly from the screen alone; calling these two heights h, 
and h,, where h, equals PQ and h, equals YZ respectively, the modulation 

h,-h, 


x 100 (See fig. 14C.) 


percentage is 


2 
f. ALTERNATE MoDULATION-PERCENTAGE Test. Another method of 


checking percentage of modulation in transmitters is to connect an r-f 
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ammeter in the antenna circuit, and compare the antenna circuit with and 
without modulation. The antenna current should increase 22% percent 
above the unmodulated carrier antenna current reading to obtain 100 
percent modulation. The percentage-of-modulation chart (fig. 15) gives 
the approximate rise in antenna current, above unmodulated carrier- 
antenna current, for any percentage of modulation up to 100 percent. If, 
with modulation applied to the transmitter, the antenna current decreases 
with increase in modulation, the carrier is being overmodulated. The 
carrier should be modulated with a sine wave of 1,000 to 5,000 cycles 
when using this method of modulation check. 


> 


Section VII. REPAIR PARTS DATA 
32. Fabrication of Parts 


a. GENERAL. (1) In some locations, or under adverse conditions, it 
may not be possible to obtain all replacement parts necessary for the 
repair of a particular unit. Often, the needed part can be constructed 
at the repair station. Fourth, and fifth echelon service depots have 
machine-shop equipment, raw materials, and personnel capable of repro- 
ducing many parts used in radio construction. Simple r-f coils, chokes, 
tube sockets, special connectors, mechanical tuning gears, mounting studs, 
terminal strips, and many other similarly constructed parts can be 
reproduced. 

(2) Prepare a constructional drawing of the part, recording all physical 
dimensions, mounting specifications, and electrical characteristics. This 
information can be obtained from the Technical Manual or the manual 
in the TM-4000 series for the equipment and the defective part. At some 
depots, machine-shop personnel familiar with the construction of radio 
parts can then produce the part, using the information gained from the 
drawing and the defective part. At other depots where machine-shop 
personnel are not available, the radio repairman can construct the required 
part. 

(3) Usually, only a portion of a defective radio part is damaged, and 
if this damaged section is repaired the part will again operate satisfactorily 
in the radio. For example an octal tube socket might have one terminal 
broken. If the socket is carefully disassembled, and the broken terminal 
removed and used as a template to construct a new terminal, the socket 
could be reassembled and used satisfactorily in the radio. With the 
machine-shop equipment available at fourth and fifth echelon depots, it is 
possible to repair many defective parts, or construct duplicate parts. The 
ingenuity of the personnel at the depot determines to a great extent the 
exact number of parts which can be fabricated. 
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b. Fasricatinc R-r Corrs anp Cuoxes. (1) Most r-f coils and 
chokes used in Signal Corps radios can be easily wound by hand, or with 
a lathe or drill press. If the wire on the defective coil has been damaged 
by corrosion, it is only necessary to remove and count the number of 
turns of wire originally on the coil. Clean the form thoroughly, and 
rewind the coil with new wire, using the same size wire and number of | 
turns that were removed. | 


{ 


(2) In instances where it is necessary to construct the entire coil,  —- 
select the proper diameter form, as specified in the Technical Manual or 
the manual in the TM 11-4000 series for the equipment. Unless a close-- 
wound winding is definitely specified, the number of turns of wire should 
be spaced to fill the required length on the form. The length specified 
should be marked on the form and holes drilled opposite the pins to which 
the ends of the winding are to connect. Scrape one end of the wire and 
pass it through the lower hole in the form to the pin to which the bottom 
end of the winding will connect and solder this end. Unroll an amount 
of wire sufficient to make the winding and clamp the spool in a vise so it 
will not turn. The wire should be pulled out straight and the winding 
started by turning the form in the hands and wa!king up toward the vise. 
A fair tension should be kept on the wire at ali times. The spacing can 
be judged by the eye. If, as the winding progresses, it becomes evident 
that the spacing is going to be incorrect to fill the required length, the 
winding can be started over again with a different spacing. If the spacing 
is only slightly off, the winding can be completed, the top end fastened, 
and the spacing corrected by pushing each turn. After a little practice, 
it will not be difficult to determine the correct spacing. 

(3) Another efficient method of winding coils is with a drill press or 
lathe, operating at a slow speed. A mechanical counting device attached 
to the drill press or lathe makes this method particularly useful in 
accurately winding chokes and coils containing many turns of wire. 


33. Adjusting and Cleaning Parts 


a. GENERAL. Certain radio parts such as relays, switches, gear assem- 
blies, and tuning capacitors require careful methods of cleaning and 
adjusting. 

b. Retays. (1) Relays perform important functions in Signal Corps 
radios. Their general purpose is to control automatically, or remotely 
various circuits in the equipment, thus giving greater flexibility to the 
operation and construction of the equipment. The relays, therefore, must 
be constructed in various sizes to suit their individual function. Some 
are of a delicate nature and operate with very low currents. Others are 
of heavier construction and operate with relatively high currents. 
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SOLENOID 
Figure 16. Typical relay assembly. 


(2) The parts of a basic relay, as shown in figure 16, consist of a 
frame, solenoid, armature, electrical contacts, and armature-return spring. 
To clean and adjust a relay properly, remove it from the equipment and 
disassemble the individual parts. Clean the parts with carbon tetra- 
chloride, and carefully inspect the electrical contacts, the pivot points for 
the armature, and the armature-return spring. 


(3) The electrical contacts on many relays are silver plated and should 
be cleaned only with carbon tetrachloride to prevent damage to the 
plated surface. The silver on these contacts is extremely thin and any 
form of abrasive used for cleaning will quickly remove the plating. Other 
heavier relays of the power-control type have greater surface to the 
contacts and can be cleaned with a fine grade of crocus cloth. If contacts 
are found badly pitted they should be replaced with new contacts, or a 
complete new relay should be installed. 


(4) Check the pivot points of the armature for burs, rust, corrosion, 
or any other defects which would prevent free movement of the arma- 
ture. Remove any burs, rust, or corrosion with a very fine file or sand- 
paper, being careful not to change the shape or location of the pivot 
points. 

(5) Carefully inspect the armature-return spring for rust or corrosion, 
and replace the spring if either of these defects exists. 

(6) Examine the solenoid for defects such as damaged insulation on 
leads or coil winding, corrosion spots on coil winding, or rust on solenoid 
core. Damaged insulation can be repaired with tape or insulating tubing 
(spaghetti). If corrosion spots are present on the solenoid winding, it is 
advisable to replace the winding, as all traces of corrosion between the 


50 


turns of wire cannot be completely removed and this corrosion will cause 
failure of the relay at some future time. 

(7) Referring to figure 16, after the individual parts of the relay 
have been inspected and any necessary repairs or replacements made, 
the relay should be reassembled and adjusted as follows: 

(a) Fasten solenoid to relay frame. | 

(6) Set armature in position between pivot points, and fasten return 
spring. 

(c) Adjust armature stop screw for proper clearance between arma- - 
ture and solenoid core, as specified for the particular relay. Tighten 
adjustment locknut. 

(d) Adjust electrical contacts for proper gap, as specified for the 
particular relay. 

(e) Adjust tension of armature return spring so that armature is 
barely attracted to solenoid core when minimum specified current for the 
particular relay is applied to solenoid winding. Tighten adjustment 
locknut. 

(8) To properly service relays and gear-train assemblies, it is advisable 
to use tools designed for this type of work. Small, flat end-wrenches are 
most useful to lock or unlock adjustment screws. Feeler gauges are 
necessary for measuring clearances. Screwdrivers with flexible shafts, 
or universal joints are helpful in reaching setscrews on some types of 
relays or gear-trains. 

c, GEAR-TRAIN ASSEMBLIES. The most common troubles encountered 
in gear-train assemblies are binding shafts caused by dirt, corrosion, or 
rust, and uneven rotation of gears caused by foreign particles caught 
between gear teeth. These troubles are most easily corrected by first 
disassembling the gear train. Dirty, corroded, or rusted shafts can be 
cleaned by holding a piece of fine crocus cloth around the shaft and re- 
volving the shaft a few times by hand. After the shaft is clean, apply a 
few drops of oil to the shaft, replace it in its bearing, and check for 
binding. Repeat the process if necessary. Gear teeth can be cleaned 
with solvent, Dry-cleaning, Federal Specification No. P-S-66la and a 
small stiff brush. Reassemble the gear train and lubricate, as specified for 
the particular equipment. 

d. Mutticontact SwitcHes. Multicontact switches should be cleaned 
with solvent, Dry-cleaning, Federal Specification No. P-S-66la and a 
brush. After the switch has been cleaned, a careful inspection should 
be made of the spring tension for each contact, and the tension increased 
on any weak contacts. The tension on waveband switch contacts can be 
increased by. carefully bending the contact slightly with a small hook- 
' shaped bending tool, as shown in figure 17. Long, telephone type switch 
contacts should never be bent. The switch should be disassembled and 
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Figure 17. Suggested method for increasing switch-contact tension. 


the contact spring rolled into shape with a special rolling tool. These 
tools and instructions for their use are available at fourth and fifth 
echelon service depots. 


e. TUNING Capacitors. Noise, loss of sensitivity, and improper 
tuning are often traced to faulty tuning capacitors. Dirt caught between 
plates of tuning capacitors produces a serious loss in some tuned circuits. 
Dirty rotor contacts frequently cause noise, and intermittent operation. 
Carbon tetrachloride should be used for cleaning rotor contacts, bear- 
ings, and tuning plates. Pipe cleaners are partieularly useful for remov- 
ing dirt caught between the plates of tuning capacitors. After the ca- 
pacitor is cleaned, the tuning shaft bearings should be adjusted so that 
the rotor moves freely but that no end play exists at the end of the 
tuning shaft. 


34. Substitution of Parts 


a. GENERAL. The majority of basic replacement parts will be avail- 
able at depots, subdepots and mobile repair stations. However, there 
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ee 
will be times when the correct parts or tubes are not obtainable and, in 


most cases, this usually occurs when the repairs must be made fast. In 
order to expedite the repairs, the following text and charts will serve as 
a guide for replacing parts and tubes. 

6. Resistors AND CApaActTors.. In some instances a resistor or capaci- 
tor of a certain value may not be obtainable and a substitute part must be 
used. An application of Ohms Law will quickly determine the correct 
value of resistors or capacitors which can be used, in series or parallel, to 
replace the original part. For example, if a 1,000-ohm, 2-watt resistor is 
required but is not obtainable, use two 500-ohm, 1-watt resistors in series, 
or two 2,000-ohm, 1-watt resistors in parallel. In the case of capacitors, 
if a 1-mf, 400-volt capacitor is required, either two 2-mf, 200-volt capaci- 
tors in series, or two 0,5-mf, 400-volt capacitors in parallel, can be used. 
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Figure 18. Meter shunt and multiplier connections. 


c. EXTENDING METER RANGEs. (1) The ranges of both d-c voltmeters 
and ammeters can be extended by the use of external resistors, connected 
in series with the instrument, in the case of a voltmeter, or in shunt in the 
case of an ammeter. Figure 18A shows the manner in which a shunt is 
connected to extend the range of an ammeter and at Figure 18B, the 
connection of a voltmeter multiplier. 


(2) To calculate the value of a shunt or multiplier, it is necessary to 
know the resistance of the meter. One method of determining the internal 
resistance of a meter is with an accurate ohmmeter, two variable resistors, 
and a battery. Remove all shunts and series resistors from the meter, mak- 
ing sure to remove the internal multipliers in the voltmeters. Connect a 
variable resistor of approximately 5,000 ohms, a 1%4-volt battery, and the 
meter in series. Adjust the variable resistor to obtain a full scale deflection 
on the meter. Then, connect a variable resistor of approximately 150 
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BY At ohms across the meter terminals, and adjust this resistor to obtain a half- 
scale deflection on the meter. Remove the resistor and measure its re- 
sistance with an accurate ohmmeter, or resistance bridge. The reading 


obtained is equivalent to the internal resistance of the meter. 


Note. The following examples are based on a meter having a 0 to 1 milliampere 
rating. 

(3) If it is desired to extend the range of a voltmeter, the value of 
resistance which must be added in series is given by the formula: 
R—Rm(n-1) where R is the multiplier resistance, Rn the resistance 
of the voltmeter, and n the scale multiplication factor. For example, if 
the range of a 10-volt meter is to be extended to 1,000 volts, n is equal 
to 1,000/10 or 100. 

(4) If a milliammeter is to be used as a voltmeter, the value of series 

1,000 E 
resistance can be found by Ohms Law R =-————, where E is the 
I 


desired full-scale voltage and J the full-scale current reading of the in- 
strument in milliamperes. 
(5) To increase the current range of a milliammeter, the resistance 
Rm 
Jiwhere Km is 


of the shunt can be found from the formula: R = 
n—1 
the meter resistance as before. 

(6) Milliammeter shunts can be constructed from any of the various 
special kinds of resistance wire, or from ordinary copper magnet wire 
if no resistance wire is available. After computing the resistance required, 
determine the smallest wire size that will carry the full-scale current. 
Measure off enough wire (pulled tight but not stretched) to provide the 


- required resistance. Accuracy can be checked by causing a current to 


flow through the meter, making it read full-scale without the shunt; 
connecting the shunt should then give the correct reading based on the 
new full-scale range. 

(7) Precision wire-wound resistors used as voltmeter multipliers 
cannot readily be made by the repairman because of the much higher 
resistance required (as high as several megohms). As a substitute, 
standard metallized fixed resistors can be used. High-voltage multipliers 
should be made up of several resistors in series; this arrangement not 
only increases the total voltage break-down but tends to average out 
errors in the individual resistors due to manufacturing tolerances. 

(8) D-c meters will not function on alternating current, and it is 
therefore necessary either to rectify the alternating current and measure 
the resulting direct current or use special instruments that will indicate 


, on alternating current, 
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(9) Often it is necessary to measure the peak-to-peak voltage of a- 


high-frequency a-c source. This can be done quite easily with an oscillo- 
scope, a d-c voltmeter, and a variable d-c source. The vertical and 
horizontal amplifiers of the oscilloscope are not used for these measure- 


ments. No sweep generator is necessary, and a-c and d-c voltages must 


be applied directly to the vertical plates of the cathode-ray tube. Turn 
on the oscilloscope and adjust the brilliance and centering controls so 
that a spot is barely visible at the center of the cathode-ray tube screen. 
Apply the a-c voltage to the vertical plates. A vertical trace line will 
appear on the cathode-ray tube screen. Put a mark on the face of the 
tube at the top and bottom of the trace line, and then remove the a-c 
voltage. The trace line will disappear leaving only a spot visible. Posi- 
tion this spot at the lower mark made on the face of the tube. Apply 
a d-c voltage to the vertical plates, and increase or ‘decrease this voltage 
until the spot is positioned at the upper mark. Measure the voltage 
across the vertical plates with a d-c voltmeter. The reading obtained can 
be considered the peak-to-peak voltage of the a-c source. 


35. Emergency Repairs 


a. GENERAL. It is always best to replace defective parts in any radio 
set with identical parts. However, it is not always possible to do this. 
To handle such a situation, a good repairman makes emergency repairs 
or finds some way to make a substitution. The following ideas are just 
a few of the many that can be used. Whenever an emergency repair is 
made, be sure to attach a tag to the set stating the location and method 
of repair. This will indicate that there is an emergency repair in the 
set, which should be corrected as soon as practicable. These emergency 
repairs are not infallible. In circuits in which electrical characteristics 
are critical, these repairs may not work. For the most part, however, 
they will work under the conditions indicated. 


b, FIXED AND VARIABLE Resistors. When a carbon resistor has 
become overheated, its resistance is decreased. The resistance may be 
raised to the correct value simply by scraping part of the carbon from 
the body until the correct value is obtained. A wire-wound resistor can 
sometimes be repaired by placing a clamp over the break or by shorting 
the break. This restores continuity with a slight decrease in resistance. 
Variable resistors and potentiometers, as used in volume controls, seldom 
burn out because of the small amount of current that passes through 
them. Faulty operation is generally due to poor contact, wear, and dirt 
at the rubbing contacts. Clean thoroughly with Solvent, Dry-cleaning, 
Federal Specification No. P-S-66la. Polish with an ordinary eraser, 
one which is not too gritty, and adjust the tension of the arm so that it 
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makes a firm contact. If the variable resistor is too worn to make a 
temporary repair, replace it with a fixed resistor, the value of which must 
be found by experiment. If the variable resistor is wire-wound and 
there is a break in the winding, slipping a small metal tab underneath the 
broken section will restore continuity in most instances. 


ANY CAPACITOR 0.00005 TO 0.O0005MF. 


50,000 TO 
150,000 OHMS 


VOYQYQYYYYYY 


DEFECTIVE 


PRIMARY 7.9429 


ANY CAPACITOR 0.00005 TO 0.0005 MF. 


DOOOOOU 


OEFECTIVE 500000 TO 
2 MEGS. 


SECONDARY TL9401B 


B 


Figure 19. Method of substituting a resistor and capacitor for open winding. 
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FEW TURNS TWISTED AROUND 
PLATE LEAD OR WINDING 


DEFECTIVE WINDING TL9405 


TWIST STO 10 TURNS 
AROUND GRID LEAD 


50,000 N 
TO 150,000 N 


S 


DEFECTIVE WINDING T™L9400 


Figure 20. Method of substituting a resistor and a few turns of wire for open 
winding. 


c, EMERGENCY SuBsTITUTION., (1) Burned-out primaries and open 
secondaries of transformers can be repaired by using an r-f choke or a 
resistor in place of the open winding and by connecting a coupling ca- 
pacitor from primary to secondary. (See fig. 19.) A resistor for the 
primary may be from 50,000 to 150,000 ohms; for the secondary, from 
0.5 to 2 megohms. The capacitor may be from 0.000025 to 0.0005 mf 
for radio frequency and from 0.01 to 0.1 mf for audio frequency. (See 
fig. 19.) 

(2) Where a capacitor is not obtainable, a few turns of wire wound 
around the good winding or high r-f lead and then connected to grid or 
plate, depending on which winding is open (fig. 20), may give the 
desired coupling. 
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DEFECTIVE 
WINDING 


.TL9404 


Figure 21. Substitution of resistors for transformer winding. 


(3) When one half of a center-tapped secondary of an audio trans- 
former burns out, substitution can be made as illustrated in figure 21. 

(4) When a defect has been isolated to a particular stage in the set 
and a repair or replacement is not possible, the stage may be bridged by 
connecting a capacitor from the plate of the stage preceding the defective 
stage to the grid of the stage following the defective stage, figure 22. This 
will not work for detector stages. Use a 0.0005-mf capacitor for r-f and 
i-f stages ; use a 0.01-mf capacitor for a-f stages. 


ANY CAPACITOR .00005°' TO .0005 MF 


(aan mei) 939 
DEFECTIVE STAGE TL9399 


Figure 22. Method of bridging defective stage. 


